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Energy is defined as the ability to do how they have adapted to survive Whi t’ + st 
work, butwhatdoesthatrelly mean? despite-orbecauseo-their immense at Sin store. 


We know energy isa really useful thing: size. These behemoths of the natural ‘The huge amount of information in each issue of 
{tturns food into fuel for our bodies, it _—_ world are quite remarkable in their ous rr crganteed bes Besa teay sacsouee 
turns sunlight into power for plant specialisations and abilities, and we're Science 
growth, it releases arrows from bows, sure you'll thoroughly enjoy reading Uncaver the world's 
moves the compass needle when you're —_ about thelr supersized biology. most amaziog physic, 

chemistry and biology 
lostand so much more. So this issue, Enjoy the issue. 


Technology 


Discover the nner 


‘we've got downall the essential energy 
basics you need to better understand life, 
the universe...and, well, everything! 


7¢ 
Once you've graspeda few simple rules Sy, eu jn 
you may see physics ina whole new light. 
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ENERGY 
EXPLAINED 


From forms of energy and energy transfers to 
Einstein's theory of relativity and fuelling the 
future, get the lowdown on how energy works 


) Correctin. 
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heart rhythms 
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Next-gen battleships 
he advance weapons on board 
the most deadty warships taking 


Car fuel systems 
High-performance tyres 
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6 How fiords form 
Hornets vs bees 

49 The smell of rain 


50 Salmon life cycle 
Meet the experts... 
Rik Sargent = 
tasaremen SNS 
wo} Troster ie 
 Riscontilecsin A 
menencts 


massive stars ie, stage by stage, degree inthe subject, and this. 
Issue she reveals the spectacular 
ford formation process as well 
asthe wildlife that east home. 


resulting in the biggest explosion in 
the universe, befare taking some of 
your questions inthe Brain dump. 
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64 
Mission to Jupiter 


zoology specialist Luis gets to 
the heart of the Biology af the 
planet's largest animals, 
‘exalaining haw they survive 


cexplainer Alex who brings the 
laws of energy into focus, 
explaining why it cannot be 
created nor destroyed, 


‘of biomechanical engineering 
revealing how prostheties and 
artificial organs are currently on 
the verge of something bis. 
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Showcasing the incredible world we live in 
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Alien Jupiter’ 
discovered 


AJupiter-like planet orbiting a star at 
close range is snapped with X-rays 


ge}. The feat 
achieved by NASA's Chand) 
Observatory — has been celebrated within 


now, exoplanets si 
been captured using optical light 
Speaking on the breakthrou 


fard-Sm 
id: “Tho 


Poppenhaeger of th 


ly beingableto 
rtant because It 
bout the 
properties ofan exoplanet." 


Interestingly, closer analysis ol the results 


ne planet, which currently 
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exoplanet have 


‘olour is the result ofa 


particlesinits 


s believe thisis 
phere rains 
nwinds of over 
ss) per hour 
d, NASA intends to continue 
investigating elandits system's 
mainand companion stars, determining 
more about the relationship between them, 
and how they influence one anather. 
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INTERVIEW 


The man inside science 


Star of the BBC’s Inside Science, Adam Rutherford talks about the origins of life, 
what we can learn froma paper cut and the importance of non-stick frying pans 


‘Tell us about your new book Creation. 
The idea for the book spawned about ten years 
‘ago when I was still working in the lab. My beat 
has always been genetics and evolution in 
terms of beinga journalist and two advances 
happened in molecular biology that I found 
extraordinarily interesting, The first is the 
origin of life, We have now got toa stage where, 
because of our understanding of the cell ~ of the 
DNA works 
—we've gota pretty robust model of how life 

self originated, So we can beginto testal 
the basic principles of cells, what they do and 
how they could have come about. 

The [second thing} is our ability to 
manipulate DNA in what we now call 
biology. That field has really blossomed over the 
last te 
inherently related. The science of the origin of 
ife is about reconstructing cellsin the way we 
think it might have happened 4 billion years 
ago. And synthetic biology is essentially doing 
the same but just for specificpurposes. So it 
produces cells that havea function that is 
useful to us. Th 
genetics has given birth to these two fieldsand 
Iwanted to put them back-to-back. 


mechanics of metabolism and ho 


years, Now both thase things are 


he modern era of molecular 


Do you approach the origins of life ina 
chronological order? 

Yes, kind of. start off with a paper cut actually, 
asI want to get readers thinking abd 
monumental significance of the mundanity of 
ving. That if you cutyour finger, after a couple 
tis patched up and that, aftera month 
so, itis fully healed and, after a few months, 
twill be indistinguishable to howit had been 
before. That pr vhich is incredibly 
sophisticated and has taken researchers, 


tthe 


1940 


Ancient art 
ting from the 
Palaeolithic period 


decades to fully understand, involves the birth 
Those cells are not born from 
nothing - they are born from existing cells. And 


ofnewe 


those cells were born from existing cellsandso 
on until you get back to your firstcell, which 
wasa fertilised egg. And you can track thai 
exact same process back in your parents and 


their parentsand every mei 
and onto every organism that has ever existed 
So that cell which is patching upa little hole on 


your finger hasa lineage, a directancestry 
in trace back 4 billion years to the 
t cell that ever existed. We call that cell 

“LUCA (Last Universal Co 
mother of everything that has ever lived. 


ich we: 


}on Ances 


or)-the 


Do you subscribe toa specific theory as to 
how LUCA was generated? 
There area few different madels as to how LUCA 
came to beand | end up pinning my colours toa 
specificand unorthodox] view. And that is not 
the culturally pervasive idea af the primordial 
soup. The reason that won't work is because of 
physics. When you prime that soup so that 
interesting reactions will take place, they may 
occur, but the problem is they won't 
happen again. That is nat what life do 
Inani 


ering why primordial soup is wrong 


you very quickly get to the question "What 
life?’ - and interestingly there isn’t a definition. 
Thave gone through the various ideas of what 
life is about, but there's a fundamental 

under 
does: life captures energy from the 
environment and usesit.1 think that is the mo: 


hing life 


‘ng process that enables ever 


basic test of what living things do, What fam 
talking about is how first. 

So then you begin to look fora place where 
you might see naturally occurring. 


ou get metaboli 


hemistry 


1958 


First chi 
US electra 
engineer Jack Kilby 


that resembles the most fundamental energy: 
generating process that cells do, and these are 
deep-sea hydrothermal vents. It's a really 


interesting mode! of how life might have begun. 


What is yournew radio show, Inside 
Science, all about? 
It'sa new slot on Radio 4 where we wanted to 
ct haw science has changed over the past 
ten years, We wanted to be more reflective of 


refl 


how science works asa process. Soin general 
we wanted to move away {rom merely looking 
‘at what studies had come out and i 
at how experi 
think and what the environmentis|ike during 
the scientificmethod. We aim to detail the truth 
about thescientificprocess wartsand al 


tead look 


rents develop, how scientists 


Ifthere were one piece of technology you 
couldn't live without what would it be? 

I'm tempted to say the thing I'm holding right 
now-my smartphone -although that isso 
obvious. Sol would say something like the 
toaster. Or the oven. What would we do if we 
couldn't cook anything? In fact, that isa good 
answer, We evolved out of being able to digest 
raw food about 400,000 years ago, so without an 
‘oven ora toaster or a frying pan we would be 
absolutely shalted. 'm going to go forthe 
frying pant 


non-s 


What projects are you looking forward to? 
NextweekT'm filminga slot for BBC's The One 
‘Show on genetically modified foods, where 

hall be arguing Britain should be adopting GM 
crops. Following that I will be working on my 
cond book, which I have just started writing. 
However, that's going to havea two-year 
gestation period, so don't hold your breath 


2011 
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forget 
The 9/11 Mom 


pened to the 
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COOL THINGS 
WE LEARNED 
THIS MONTH 


© ot ak wins 
ea” 


rine eee } 
zi Earth wave 
ae at Cassi 


Last issue we revealed a rare photo 
+ 3 oon and Saturn 
ri.15 bilion 
(900 milion miles) away. 
we reveal the reverse 
picture. This mosaic isa collage of 
the photos shared by inhabitants of 
Earth on Twitter, Facebook, Flick, 
Instagram, Google* and ema 
part ofthe Wave at Sature! mission. 
For the first time, we had advanced 
notice that an extraterrestrial photo 
would be taken so we could wave. 


Sleepless 
nights increase 
temptation 


Just one sleepless night can make you crave 
unk food the next day. A sleep study 
showed that activity in the area of the brain 
associated 

boosted en't had enough 
kip. In 

evaluating whether: 

activity was reduced. This means that we 
fled it harder to turn down the offer of 
indulgent snacks and treats alte 

right’s sleep, This study could be 

‘explain the apparent link betw 


Although driving and using 3 
hand-held device has been egal 
inthe UK since 2003, handsfree 
ts are legal But naw sc 
Sreteng the subject of 
ing have sug 
hands-free devices can be jist 
risky. Studies into ‘cognitive load 
incSeate that when taking to 
ant see, we 


‘LEGO’ holds the key to 
future manufacturing 


team at MIT has used the concept of a popular 
children’s construction set to revolutionise the 
composite manufacturing process. By clippi 
together 2D shapes (such as crosses) made out of 
a super ight material, future material engineering 
ould include the production of giant single units. 
Each piece - made up of millions of interlocking 
building blocks ~ would be tougher than current 
‘composites but much lighter, with huge potential 
for aircraft and spacecraft d 


Kepler is on hiatus 

The works most suecessful planet hunk tlescone, 
Kepler, has ben deemed beyond rep’ after the 
tmafatction of two oft out reaction wheels NASA 
Gidts bes to remotely fix the folly parts bu, despite 
fleeting success, Ue telescope teow unt fos 
crignal purpose, NASA Must now deter wethar 
the spacacreft canbe used for anther mision 


Superfast internet 
is coming to cars 


Audi has become the frst car manufacturer to 

include a 4G data connection in pr 

vehicle. The fist model to debut this tech v 

the Audi $3 Sportback (pictured here) and from 

November 2013 the full A3 range wil feature 
uperfast 4G/LTE data transfer, This development 

will enable high-quality in-car connectivity for 

lag-free web surfing while on the go 


‘Unicorn of the sea’ 
has been snapped 


Divers off Tasmania have captured rare photos 
of a 30-metre (98-foot) sea creature that 
«lows in the dark. The giant pyrosome 
(Pyrostremma spinosum), which is similar to 
the more common salp, is so rare it has been 
dubbed the ‘unicorn of the sea’. Like plankton, 
yrosomes are free-swimming turicates found 
inthe upper layers of the open ocean. All 
pyrosomes (Pyrosoma atianticum is pictured) 
comprise a tube-shaped colony of tny filter 
feeders called 200ids enclosed ina kind of jelly. 


== 
Birds know the 
speed limit 


Tree frogs use 
umbrellas 


Frogs are ectotherms, which means they use thelr 
external environment to maintain constant body 


thermostat like humans and other endatherms. 
sk in the Sun to warm up or find 
+ to cool off. Whale i's not usual 
to find tree frogs hopping around when it's damp, 
dduring tropical downpours they seek out shelter 
as they're not the best swimmers - they lack 
webbed feet and 
washed away. It (uens out they 
though, as this individual from Indonesia proves. 
The tiny frog protected itself during one 
particularly he by gripping a leaf and 
holding it like an umbrella angled into the rain. 


Clouds can 
create eddies 


This remarkable NASA image shows 
2 phenomenon called Von Kérmén 
vortices, The Von Kéemin vortex 
seen here was captured aver the 
North Pacifie Ocean. When clous 
driven by the wind encountered 
Socorra Island = a volcanic mount off 
the west coast of Mexica whose 

height peaks at 1.05 kilometres (0.65 
smiles) they were forced to flow 
{round it, creating chains of spiraling 
‘eddies. Spectacles like this can occur 
inany fluid flow that is 

an object, and since the a 

ets lke a Nui this is why 
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Energy in a rollercoaster 4. At the top 8. Back up 
Edging slawly past ‘The rollercoaster carriage slows: 


Onan intuitive level, weall know that 
energy is what makes things happen, 
causing the Sun toshine, allowing 
plants to grow, cooking food ona stove ar 
‘makinga basketball bounce, Whenever 
something heats up, cools down, maves, grows, 
‘makes. sound or changes inany way, Ituses 
energy. And from taming fire to powering 
smartphones, human civilisation relies on our 
ability to manipulate energy. But pinning down 
exactly what energy is can be tricky. 

Grab a textbook and you'll find energy 
described.as ‘the ability to do work’. Workin 
this context is defined as exerting.aforce onan 
object overa distance, Liftinga cardboard box 
off the ground constitutes work, however 
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continuing to hold it there although requiring 
efforton your part -isnot work. 

‘When work is done toan object, it gains 
energy. This energy is called kinetic energy if 
it’sassociated with the object’s motion, as with 
‘a football speeding through theairafter you 
kkickit. When you pick up the box itis said to 
have gained potential energy, stored by virtue 
ofits elevation above the ground. Ifyou let go 
{mind your toes}, the box will fall, losing, 
potential energyas it loses height, and gaining 
kinetic energy as it picks up speed. 

‘One of energy’s fundamental properties is 
{hat it cannot be created nor destroyed, only 
transformed from one type to another. 
Potential energy can turn into kineticenergy 


‘and vice versa limitless times, Further, 
mechanical, sound, heat, electromagnetic, 
light, chemical and nuclear energy canal be 
converted from one into the other. 

But while you can't destroy energy, you can 
certainly waste it through inefficiency. When 
you drivea car, far example, chemical energy 
stored in the (uel is converted into first thermal 
energy and then kinetic energy which turnsthe 
car's wheels. But not ll of the chemical energy 
released Irom the fuel goes into making the 
vehicle move. Some is converted to heat and 
sound, and some js used to displace airaround 
the car—ieair resistance. Once this has 
occurred it’s very hard to turn this wasted 
energy back intosomethinguseful. 
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Find out how a rollercoaster takes potential 
and kinetic energy for a ride 


3. Climbing 
‘As the carts pulled up 
the slope, the eneray 
provided by the motoe 
tested away 2s 
potential ener. 


2. Setting off 
‘Approaching the fest 

‘ope, the rollercoaster 
Coriagehas very Rte 
kinetic or grawtational 
potential energy. 


1.Mass 

‘The rollercoaster cart's 
mass determines haw much 
energy és requered to move 
it, as wells haw much 
potential energy K can store, 


= i 
Einstein’s big idea 
In. 1905, Einstein revolutionised physics with a 
jaw-dropping revelation: matter and energy are 
ses end tren Tis fot is aostoeg ve 
strifsreat mous sunbonr ath Moderne 
Tight condone onary canbe conrad to 
np raed raat 
Gercaiven tance niang meters eninelites 
ttrnar miasoae race’ heen theesuaaon 
teasers the eed igh at bo 
(Sonewes toctmmon nied perheurs so een 
an object with tiny mass contains a huge amount 
Sorex niu tas veneer conte 
panereip te energy, you wou ease ach 
Srey tthe stare Gone hat soared 
FiresTirw ni945 Doing 0 noua have, 
rouue extra terporsture nd presure 
Cratos ate inposbie onan 


Throughout history we have relied on 
different means to get hold of usable energy, 
from early windmills to coal-burningsteam 
engines. Today, we consume energy mainly as 
petroleum, natural gas and electricity. We tap 
into the energy stored in the chemical bonds of 
petrol or natural gas by burning these fuels, 
whether insidea boiler oran engine, etc 
Electricity, on the other hand, isa handy way 
of transporting energy converted from various 
more cumbersome sources into our homes or 
workplaces. A wind turbine, for instance, 
converts kinetic energy, while a nuclear reactor 
exploits the energy locked inatomicnuciet, 
generating first thermal and then electrical 
energy. Once inside our home, electricity can be 
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the highest point, the 
rollercoaster tran has 

o~ high potential eneray 
but low kinetic energy. 


5. Onaroll 


Into kinetic energy. 


7. Low point 
Ai the bottom of the slope, 
the car's potential energy és 
at ts mir while ts 
Kinetic energy peaks. 


‘gees 
The speed of light in a vacuum: 
te around 300,000,000 
(983,600000n/) 
. 
¥ . 
— 
Etsenergy, whichis 
measured in joules. ‘Mrepresents mass, 
‘measured in kilograms. 


used for heating, cooking, lightingand running 
all of our appliances and gadgets. 

Energy is measured in joules}, with one 
joule being the energy needed to apply a force 
‘of one newton (N) over one metre (3.2 eet) 

Inpractice,a variety of different unitsare 
commonly used to measure energy in its 
multitude of different forms. The chemical 
energy in food is measured in calories the 
amount it takes to raise the temperature of one 
gram of water by one degree Celsius, Your 
electricity bill, In comparison, measures the 
electrical energy you have used in kilowatt- 
hours (kWh). For some context, one kilowatt- 
hour is enough to run one washing machine 
cycle or watch seven hours of TV. @ 


[As the car whizzes down 
the slope, its potential 
energy rapidly transforms: f 


6. Wasted energy 
At each stage, some of 
the car's kinetic eneray is 
lost toaé resistance or 
dissipated as heat (through 
Ihetion) and sound. 


as it chembs the next peak, 
‘gradually converting kinetic 
energy beck into potential 


Conservation 
of energy 


‘One of our universe's most basic principles, the 
law of conservation of energy states that eneray 
canbe neither created nor destroyed, That is, the 
amount of energy ina closed system is fixed. tt 
‘can, however, be transferred from one object into 
another, and converted from one form to another 
Although we discuss energy production, you 
can't create new energy - only convert existing 
energy to a diferent usable form. A photovoltaic 
panel, for instance, taps into the Suns radiant 
‘energy, converting it to usable electrical energy. 
LUkewise, the energy that we use doesn't 
disappear - it just changes into other forms. 
‘Switch on your television and the heat, sound 
‘and fight energy emanating from the set. 
‘Gradually leak back into the environment. 
Throughout history, numerous Inventors have 
attempted to design and build perpetual motion 
‘machines that would give out more energy than 
‘was put in, but conservation of energy has made 
‘such inventions impossile ~at east thus far! 
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“Potential energy has its roots in the 
force acting between two objects 
and the distance between them" LJ 


Nuclear 


Nuclear energy is stored in the 
‘uclei of atoms, where 
protons and neutrons are 
‘bound together by the strong 
force. Spkitting or combining 
nuclei can release vast 
amounts of energy. Nuclear 
fission reactors split uranium 
‘oF putoniue nuclei by 
bombarding them with 
neutrons, sparking a chain 
reaction which gives off heat 
‘Our Sun, meanwhi 

heat and light thar 
‘nuclear fusion inits core, 


Fi 


| Sound 


I Sound energy is all about vibeations, 
Strum a gultar string and it vibrates. 
This motion propagates through the 
air, ocilating the molecules back 
and forth. When the wave reaches 
‘your ear, your eardrum vibrates in 
tur and your brain interprets the 
sound. We rarely use sound waves 
todo work but rather as a means to 
‘communicate or entertain 


E Chemical 


1s stored in the chemical bonds which bind 


J. - bo 
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constituent particles. As 
the water in your kettle 
heats up, its molecules 
vibrate faster and faster 
Lntilit reaches boiling 
point. Ina steam engine, 
heat is converted to 
mechanical energy from 
the expansion when water 
is tumed into vapour. 


Elastic 
asic nergy is the 
pote 

vom 


example, when you jump 
‘ona trampaiine. As the 
trampoline returns to its 
al shape, i propels 
you into the air, converting 
potential energy inta 
Kinetic energy. Not all 
‘materials have the same 
pacity to store elastic 
gy; a rubber band, for 
Instance, can store more 
na piece of string 


When a piece of wire, for u » 
‘example, is heated to a high 

temperature, its atoms vibrate 
so violently that some are 
excited to a highenergy 
electronic state. As they fall 
back to a lowerenergy state 
the excess is emitted as, 

light (plus heat). The 
radiation’s frequency 
alldepends on the 

Wire's temperature. 


Kinetic 
White sound, ight and heat ae ll 
forms of Kinetic eneray the term kinetic 
energy can alto refer tothe motion 
nergy of objects on the macra scale 
“Tye opposed to invisible vibrations of 
tiny particles. We therefore use kinetic 
{energy 1 alk about motion energy that 
we can see = for example, associated 
wrth a moving car or person, 


x ‘greater than the binding energy of the products, the excess 
energy is released as heat and Sometimes light. Buening coal in 
a fireplace or food in your body releases this chemical energy. 3 
» ad ——_— —> > 


‘The Itaipu hydroelectric dam between Brazil and Paraguay generates 
more energy than any other facility: over 98TWh. Water flows through 
itat up to 62,000 cubic metres (2.2 million cubic feet) per second 


ares Fi 
Gravitational 

x ides sk up rental The bie Bo 
fonetic energy a 1 &| 


— 


Electromagnetic 


Electrical potential energy is stored when electrical charges of 
‘opposite signs are wrenched apart, or when charges of the 


——s 


J) same sion are forced together: The electrical potential 
‘generated is experienced as a voltage. Similarly, a rotating 
‘magnet ina coll induces a voltage in the col, When the voltage 
is used to generate a current, the electrical potential energy 

light oF mechanical mation. 
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he simple act of making a piece of 
toast requires mastery of a large 


number of energy transformations" 


HOW IS ENERGY 
TRANSFERRED? 


Next time you takea hot shower, drive to work or 
plug ina laptop, spare thought for the science 
that brings energy on demand into your home. 
Energy transfers from one form to another 
occuraround usall the time, but manipulating 
energy efficiently into useful forms is 
fundamental to modem life. Different uses 


require different forms of energy -a fan, for 
instance, requires motion energy, while 
thermal energy is essential for frying eggs. 


The simpleact of making piece of toa: 


requires mastery of a large number of energy 
transformations. Inall likelihood, the energy 
that powers your toaster started off its journey 
as coal or gas. First, these fuels are burned, 

releasing the energy stored in their chemical 
bondsas heat (th used to boil 


‘water, The resulting high-pressured steam 


spinsa turbine, connected toa generator which 
converts the motion energy into electric energy. 
When you switch on your toaster, an electric 


current runs through the toaster’s filaments 

and the electrical energy is converted into 

thermal energy once, 
Energy transfers 


ain. 


Iso allow us to store energy 


for future use -forexample, when charging a 
laptop battery orwinding upa clock 


"2 


‘5 
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Rocket energy explained 
Launching the Space Shuttle required a 
Jot of energy, but where did it all go? 


(000g (Gn fb) of 
Hhauid oxygen and quid 
hydeogen propellant to power 
the three main engi 


Heavyweight 

At Mol the shuttle 
weighs 3 hefty 2mm ka 
(4.5m It) - the majority 
of this weight is fuel 


Combustion 

The boosters bum over 
£450,000kg (Ln Ib of solid 
fuel in jus twa mente, 
before being discarded. 


inside the engines 
to 3,318°C (6000"F) 


Equator 

Rockets launch eastwards 

‘and usually ear the 

‘equator, taking advantaoe 

of the extra boost obtained 
from Earth's rotation. 
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Orbit 

Toenter into orbit, the 

shuttle needs to reach 

speeds of 28,000km/n 
07500mpt). 


Rocket boosters 
Most ofthe enersy 
required for Sto comes 
from the shuttle's two 
solid tue racket boosters 


Solid fuel 
As this fuel burn, it 
at high 


tm Lamp 
Acar generac 
tlectreyto pawn 
the lam, which 
produces hgh eneray. 


Brakes 

Fretlon tuens motion Into 
heal ane sound whenever 
the brakes are anpec 
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GOING GREEN 


Energy it 
joules or 


No energy transfer can be 
100 per cent efficient. This 
Flow diagram ilustrates the 
energy transfers at work 
Inside an electric motor. With 
an energy input of 100 joules, 
the motor turns 56 joules 
Into usable kinetic energy ~ in 
other words, it has an 
efficiency of 56 per cent. The 
remaining energy is wasted 
as sound and heat. This 
tnformation allows engineers 
to pinpoint which parts of a 
[process can be improved to 
make efficiency gains. 


Waste sound energy (%) 
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100% 


“Nuclear fusion — the process that 
powers the Sun - could one day be 
a source of unlimited clean energy" 


Fuelling the future 


‘Meeting our planet's growing eneray 
‘needs in a sustainable way is a tough 
sage. Nuclear fusion - the process 
hat pawers the Sun ~ could one day be a 
source of practically unlimited, cheap, 
dean energy on Earth. The challenge, 
however, is creating the intense pressure 
and temperature conditions needed to 
‘coax hydrogen atoms into fusing and 
releasing some of their nuclear energy. 

‘Cars of the Future may fil up on 
biodiesel, ethanol or vegetable ol, or use 
electricity from a new source: hydrogen 
Tel cells. These combine hydrogen and 

(form water, exploiting the 

energy released. 


it of 100 


of useful 
kinetic energy (%) 


Waste heat energy (%) 
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Kt 
TES sues Wot tees The rat mec li 


ENERGY OVERTIME “resi 


inthe Stew hae 


‘ang on Michael Farce 
ect sterstars ne 


fsrly 9008 acaunt or 
alo lta prediction 


Renewables showdown 


‘See how four major renewable energy sources square up 


Hydroelectric 


Iceland’s renewable 
energy jackpot 


‘A geological stroke of luck allows ledland to produce 
‘ver 80 per cent ofits energy (and 100 per cent of its 
tlectricty) from renewable sources. Straddling the 
Mid-Atlantic Fedgo, a hub of tectonic plate activity, 
‘iceland is datted with over 200 volcanoes and some 
{600 hot springs, many of which spew out water at 
scalding temperatures of 250 degrees Celsius (482 
degrees Fahrenheit). Exploiting this heat, geothermal 
‘energy meets 60 per cent of the country’s energy 
‘needs, The hot water is used to warrm houses, 
‘swimming pools and greenhouses directly, white 
geothermal plants also convert heat into 

electricity. Hydropower - made possible by 

the country's abundant rivers and 

waterfalls ~ makes upfor a further 25 

per cent of Iceland's energy 

requirement. This leaves 15 per cent 

‘of non-renewable energy, mastly 

sed by oll-guzzling transport. 


vn iene 
é alli. oF 


cY 1775 1830s 1848 1945 


TheUS detonates the fst 


2005 


Thehiko Meseesteores 


Geothermal 
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Correcting heart rhythms 


1A] How can alittle electricity be used to fix a heart that’s beating off-kilter? 


8. Low energy 


my - 
=! &, 


6. Natural pacemaker 


ly pu 
‘ound the body 


1. Electrode pads 
r 


“The electric fields build up 


and electrons hurtle fram the BRAVE!N 


adhesive towards the tape” 


PLAY YOUR MUSIC, tGE YOUR PHONE. TAKE YOUR CALLS. 
Ce 


3. Timing the shock 
i ble 


Atrial fibrillation 


BRAVEN BRV-1 
IPX-S water-resistant; shockproof 
an also charge phones 


Normal ECG 


X-ray tape unravelled 


ling sticky tape off the roll ina vacuum chamber releases 
powerful enough to image a human finger 


Electrons 

‘The ifference in charge 
causes electrons from 
the adhesive to fly 
towards the roll of tape. 


Xray release 
Enitted Xray bursts fast 
for just 1 billonth of a 
‘second and release 100 
aiiwatts of energy. 


DISCOVER MORE AT BRAVEN.EU 
BRAVEN 


“They make mistakes and mutate 
often, developing new genes as 


RECORD 
BREAKERS 


they adapt to their environment” 


icro world of bacteria 


There's much more to these tiny organismsghan food poisdning and superlottfs 


just fractions of a millimetre’ but they are 
environments. Asingle teaspoon of sol 
hes rare ie itn They, ~_ 


iA 


Flagellum 
Some bacteria have 
wipe prot 
tals, which they use 
lke 3 proper to 
‘ove through huis, 


communicate with one another by quorum 
sensing; bacteria produce signalling 
molecules, which build up in the local 
environment, allowing them to detect the 
presence of other bacteria around them and 
change their behaviour accordingly. 

Bacteria are not only thought to have been 
responsible for generating the oxygen that 
allowed the development of complex life forms 
on Earth, but scientists also believe tliat 


symbiotic bacteria gave rise to more complex 
Fimbria 


organisms, Mitochondria - the powerhouses 
that generate energy inside our own cells ~ 

contain bacterial DNA, and it is thought that 
they, 
by their symbiotic companions, © 


riginated as bacteria that were engulfed 
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Short projections fron 


TINY GIANT 


Cell wall 
Mast bacteria are 
protected by 2 xl 
all made up of 
sugars ang proteins. 


Many bacten 


Plasma membrane 
Tho cells surrounded by 
bbotweern the bacterium 


MOST MASSIVE BACTERIUM 


Thiomargarita namiblensis can grow to n 
je visible to the naked eye. It contains grant 


ya millimetr 


the cytoplasm 


jphur, which ght, g 


ing ita pearlescent g 


How to identify bacteria 


Antibiotics affect bacteria in different 
ways, and knowing the weaknesses 
cof a particular infection is the best 
way to treat it. One bacterial weak 
point is the cell wall, which gives the 
bacteria strength and protects them 


from changes in osmotic pressure. 
Bacteria can be broadly divided 

Into two large grouns based onthe 
type of col wall that they conta: 
Gram postive and Gram negative 

] The cel wall of Gram-positive 

| bacteria contain 50-90 per cent 
peptidoglycan a polymer made of 
Sogars and proteins. Tis polymer is 


Plasmid 
Many bacrer trade 
all ciecles of DNA, 


Ribosorves 
responsible for 
protein produ 

in the bacterial cell 


ular body in 


© ike Ecolland Satmo. 


woven into a mesh many layers thick, 
which sits on the outside of the 
plasma membrane. In contrast, the 
cll walls of Gram-negative bacteria 
‘contain less than ten per cent 
peptidoglycan, sandwiched between 
two plasma membranes. 

‘The purple stain, Gentian Violet, 
sticks to the peptidoglycan in 
Gram-positive bacteria, but cannot 
bind to the sandwiched layer in 
Gram-negative bacteria. This allows 
the two cell wall types to be easily 
distinguished, ands often the first 
stage in bacterial identification. 


. selec 


are they? 
(ett 


ptococcus). in 
groups that resemble berries 
{like staphylococcus}, and 
even assembled nto cubes 
of eight spheres 


¢€ Rods 

Se Rod.shaped bacteria 
alone, butcan combine 
{ to form chains and 


include well-known culprits 


The rod 
bya tough cell wal 


pe ts maintained 


Comma 


{le Vibrio ch 
hava single tage 


ne), ach 


end, enabling it to swim 
rough water, 
Corkscrew 


Spi 
least common type of 


bacteria and havea 
regular corkscrew shape. 


the bacterium allow it to 
slick to surfaces and to 
‘other cells, preventing it 
from being sweat away. 


surrounded by a sugar They ott 
eithere 


} them through @uids 


we flagella at 


Jtohelp propel 


wawhlbverrworKsoatt y can. 
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‘The most famous of 
these curved rod- 
shaped bacteria 
those that cause cholera 


“If the tracheal opening is going 
to be a permanent feature then a 
piece of cartilage may be removed" 


Tracheotomy surgery 


Discover the science and tech behind this life-saving procedure 


I'the upperairway becomes blacked, 
inflammation, analternativeroute 
‘must be found forair to enter the lungs. 

Planned tracheotomles are periormed under 
general anaesthesia or sedation. The necks 
extended backwards to allow the surgeon to 
easily \dentify thestructuresin the throatand 
to make an accurate incision (see diagram) 
First, a vertical cut is made in the skin, below 
the tracheal cartilage, and the underlying 
‘muscle and blood vessels are carefully moved 
ut ofthe way to expose the trachea. 

The trachea is normally held open by 
C-shaped rings of cartilage, which prevent the 
airway from collapsing. A holes made between 
the third and fourth rings, allowing the surgean 
access to the airway without disrupting the 
cartilage supports. A tracheotomy tube is then 
inserted into the airway and secured to the 
neck. Ifthe tracheal openings going ta bea 
permanent feature rather than temporary then 
a plece of cartilage may be remaved toallow the 
tube to sit more comfortably. 

The vocal cords sit just behind the tracheal 
cartilage, above the tracheotomy incision site, 
but inorder to talk, alr must be able to pass 
‘Hhrough the vocal cords to make them vibrate, 
Some tracheotomy tubes contain unidirectional 
valves, enabling the patient to breathe in 
through the tube and out through their mouth, 
Which provides goad air supply tothe lungs, 
without hampering speech. 

Ifthe patient is unable to breathe unaided, a 
ventilator may be attached to mechanically 
moveair inand out of the lungs. © 


Have you got a pen? 


A tracheotomy is a complex procedure, so in 
life-threatening, emergency situations a faster 
procedure - known as a cricothyratomy (also 
called cricothyroidatomy) - may be performed. 
‘A higher incision is made just below the thyroid 
‘cartilage (Adam's apple) and then through the 
cricothyroid membrane, directly into the trachea. 

tis possible to perform this procedure with a 
sharp instrument and any hollow tube, such as a 
straw or a ballpoint pen case. However, finding 
the carrect location to make the incision 's 
challenging, and without medical training there 
is great risk of damaging major blood vessels, 
the oesophagus or the vocal cords. 
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Anatomy of a tracheotomy 5 


The trachea is surrounded by a minefield of major ti 
blood vessels, nerves, glands and muscles 


Thyroid cartilage 
The surgeon uses the 

Larynx prominent Adam's 

The wacal cords sit pple as amarker to 

‘behind the thyrond lacate the best meision 

cartilage, above the site on the neck 

Doin of thereon, 


behind the trachea, so the 
surgeon must take care 
rt ta puncture through 
from one to the other. 


Cartilage ring 
The trachea is held 
pen by sit C-shaped 
fnge made of eartage 


Trachea 

‘The trachea connects the 
lungs to the mouth and 
owe 3 tracheotomy 
bypasses them to grant 
irect access to the lungs. 


a il / 
de 
ie Carotid artery 
Large arteries supplying bloos 
to the bran and face run up 
7" ether side of the trachea. 
Stoma 
temporary or 
permanent tube is 


incision between the \- 4 responsiole for making 
fo ; fej beat he 
= | ei eteleryise 
Flanges 


The auler portion af 
the tube has flanged 
edges, which means 
ean be securely 
taped to the neck. 


— 


WW HOTT WORKSDAILY. COM 


AQUILA children’s magazine is 
perfect for lively 8-12 year olds who 
are always asking questions. 


Using 2 fun mix of science, arts and 
general knowledge, AQUILA will 

Capture children’s interest as they {_ 

learn about the world. 

The magazine will also nudge their 
awareness in the right direction 


with thought-provoking articles that 
include philosophy and health 


V Exciting new topic every month 
V Feeds bright minds 
Inspires achievement 


Coming up next in AQUILA: Predators, The Planets, 
Masks & Costumes, Giants, Scandinavia, 


i. ‘wh 


= Www.aquila.co.uk 01323 431313 


THE BOOGIE BOARD SYNC 9.7 
LCD EWRITER 


The new Boogie Board Sync 9.7 LCD eWriter takes paperless note-taking to 
a whole new level. Saves hundreds of pages to internal memory in vector 
pat format. Transfer files to computer, tablet, smartphone or ather mobile 
devices instantly and wirelessly via Bluetooth, The large. pressure-sensitive 
writing surface captures every stroke ~ ideal for artists and illustrators 
Free optional software includes virtual whiteboard mode for conference and 
classroom use. Compatible with Windows, Mac, Android, i0S, Evernote, OCR 
and Adobe lustrator. Available Christmas 2013, 


www.improvelectronics.com 


may 


cogie Board 


LCD eWriters 


“The radiocarbon dating process is a 1946 1947 1949 1960 1977 
dependable method of measuring coerce eciaeors: “Anais” (RR hn Gerety erent 


the age of organic remains” CARBON DATING = syns paansoee — “Cange none natn eames harmony 


4 7 The Turin Shroud 
How is carbon datin eas ce, TReTurin Shroud 


the ancient linen Turin Shroud in 1988, 
This generates 2 high valtage, forcing the defionsce, r ; 
negatively chargedcarbon fons to accelerate Thus device ereates an believed by some to have covered Jesus 


A ‘towards the positive terminal, where Hed brie after he was crucified, but earbon 
tloctrone wa rmoved bya gus sper lest ita detects | ating concluded wa a medieval 
= These positive ions are then repetles by the prctegeleyet gow forgery. The sample consisted of a 


. ‘ . Desi trina eater Stee are rr, sercrcenintre Bina) 
Learn howscience and technology are working hand in hand to canes io Hhree parts (This ape 
pinpoint the age of ancient organisms, including humans 


‘continue through shows the scale of the sample, but 
Carbon dating isan ageing process 
that works by studying the decay of 


2. Magnetic deflector 

‘This the frst separation of fons, where 
‘most of the unwanted isotopes, such as 
‘carbor12 and carbor-13, are deflectes to 
the sides of the accelerator. Carbon-1é tons 
and carton hydrogen molecules (es 
‘methane and methylene) are undetected 
and travel on towards the accelerator 


doesn't indicate the area of exiraction) 
However mare recent research by the 
University of Padua, aly, has put the 
shroud much older at around 33 BCE 
nitrogen in radiocarbon (carbon-14), 
with this substance present in every organic 
being. Carbon-4 san intrinsic partoof the 
biological carbon cycle on Earth, entering via 
green plants from theatmosphere and then 
passing up the food chain via animals. Assuch 
Whilean organism isalive itwill havea 
consistent level of carbon-145tored inits cells. 
‘Once an organism dies, however, that level of 
corbon-14 begins to decrease - something that 
occurs very lowly as carbon-14 hasa half-life of ) 5, Magnetic analyser ~ 
5790 years, give or take 4oyears. Asa result, by tons wit os lection (3) 
‘measuring the radiocarbon, we can determine : : rhe eae 
when thelifform died ewhen the eel of pepe camel papi 


~~ ton beam 


j ‘Argon gas ineracts with carbon carbon trotopes are deflected 
carbon-14 inits tissue stopped being topped tons that move through the 2 diferent angles because of | 
hough only toar rs ago. © ‘conduit, causing them to lase their varying masses. The ons ectro t 
mph Kua i nly ts aroun SOc yaar ne tlectrona and become positively ‘fC canto tothe detector, Eacroraans 
lon preaccelerator 4) charged that i, 
This hes to det the 
1. lonisation Mardicnecke!---! 


‘The sample is tanised, which Is 
achieved by electran 
bombardment, For this, caesium 
(C9 is used, which donates is 
electrons to the sample and 
creates negatively charged 
‘carbon ions, The result of such 
physical phenomenan is plasma 
that is induced by the condult. 


Carbon molecules generate 2 pulse 
‘when they collie against the silicon 
plates ofthe detector: this 
‘proportional to the energy of the ion. 
‘The numer and eneray of the ions 
‘are processed by 3 computer and 
splayed in a spectrograph, 


freeing 2 charge proportional 
to the energy of the on, 
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From thelzand and brutal 
destroyers being pushed out rh 


battleshipsare being produced en 
‘a more advanced spec than ever befor 
Farfrom the basic heavywelghi ofbyE0 


centuries, required simply to go toe-to-toe ny 
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Future vehicles 


=] 


The British Type 45 has 
a displacement of 8,000 
tons and cancarrya 
‘crew of around 190 


When fully laden the Yamato-class battleship, which was used 
by Japan during World War Il, weighed inat73,000 tons ~ 
+ J making it by far the heaviest warship ever constructed. 


Detection 
To engage ary of these 
targets first they need to 
be detectes - something 
B achieved via orbiting GPS 
tes, radar and sonar 


ication systems, 


: ql 


Vf 
~~ 
4 

Offensive 

When on the offensive, 

battleship can engage 
Defensive these targets with guided 
attacked, a battleship can deploy = ‘or unguided missiles, 


explosive shells and 
Seadty torpedoes 


decoy systems tke flares and 
fr dceetly engage incoming 
threats with smart autocannons 


— 


_ Battleship types 


Corvette 

One of the smallest types, the corvette 

lightly armed and manoeuvrable 
ed for coastal operations. Stealt 
re now becoming popular too. 


Frigate 

Lightlyarmed, medium-sized ships 

ally used to protect other mi 
civilian vessels, Recently, frigates 
been re-focused to take out submarines 


vetlel 


Destroyer 

Large and heavily armed, destraye 
are typically outfitted fora 
ant/-alrcraft and anti-surface 
canremain 


ciietierg beens 


peti an. soingle jathans, carriers are 
largest battleship. Their primary role 
a seagoing airbase, launching comb: 
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“The Advanced Gun System can fire 
ten of these LRLAPs per minute 


from its stealth-designed turret" 


Weapons in focus Vertical 


We train our sights on four of the most advanced 
armaments aboard the latest battleships 


Mk 110 naval gun / Advanced 
Capable of deve Gun System 


of 2205 
4 The Advanced Gun System (AGS) 
Mod 0 ammurition - read: fragment 
se is new naval gun from BAE 


ranges. Wh 


feral radar cross-section, making it harder to 
firing trad 9 


sile fired from a VLS cell is of 
d variety, with a selection of high-explosiv 
warheads directed to the target by radar or GPS 


or to firing. indeed, the only thing that 


1 CIWS, and o 
he Phalanx CIWS is the 
leader of the pack, ILis a point-defence 


antennas that wo 
a target. The fist ant 


‘Atautbous tubular dome 
fencases the Phalarx’s Ku-band 


‘The MK U0 has a single F 

firing barrel with 2 it it ual unfortunate target in a split second 

progressives 24-groave c 

parabolle twist. The 

barrels bore length is 

3,990 G57. wich the 

{un capable offing 57mm 

2.29) cerwentianal and Fa 

smart munitions, ; Ammunition forthe Gating 
‘eannan comes courtesy of a large 


| 
J} 

Damage i dealt with a 

20mm (0.8in) MEL Vulean 

‘autocannon, The cannon 

has a muzzle velocity of 


via a mechanical loading 
B hoist. Ammunition is 

G stacked 120 rounds deep 
FS 3rd automaticaly Fed into 
ES the firing chamber. 
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“A typical car today can run for vprepeecreen  eyrlemaay  epeuaybopel oe) penphlee| | ereoelanal ec, 

i i Eowesas 12ers, | Soncinisines | Alacer SS 

gppr oe ea Ree To oe OS ES 

I ISI [300 miles] on one tank of fue Sawai: ee | ecmeuems seman | meta 
~ Air filter Fuel cap and filler pipe _ 


Car fuel systems 


Fuel is a vital component in getting a vehicle to move, 
but what happens after you've filled up your tank? 


For decades now, vehicles have been 
Ga) merce een 
rely ona constant feed of both airand 
fuel combining together to essentially explode, 
‘Aswith a normal fire, oxygen is the catalyst 
for any explosion or ignition. The principle is 
the same insidea car's engine, where oxygen Is 
mixed with fuel while simultaneously being fed 
into the cylinder heads where these controlled 
explosions force a series of pistons down, 
turning the crankshalt and helpingto propel 
the vehicle along the road. Without these vital 
ingredients, the engine simply couldn't work 
When you fill up, fuel either petrol or diesel) 
flows longa fuel line and down intoa tank, 
The fuel is stored here in excess, but gradually 
empties as.a pump providesa constant feed to 


‘Once fuel leaves the tank, itis deposited viaa 
rail into elthera manifold on older systems, or 
= more likely today straight Into cylinder 
head using direct fuel injection 

Onolder vehicles, a carburettor is used to 
adjust and measure the levels of airand fuel 
enteringan engine, ensuring the rightamount 
ofboth ingredients is supplied so that the 
vehicle runsefficiently. The job of carburettors 
isnowalso performed by luel injectorsin 
tandem with an engine control unit (ECU). 

Fuel is burned in the engine, but some excess 
may be left over, which is simply taken back to 
the tank viaa return ine ready to be used 
again. A typical car today can run for 
approximately 480 kilometres (300 miles) on 
one tankof fuel ~ depending, of course, on 


Throttle plate 

The throttle plate is opened 
by pressing the accelerator 
pedal, which then lets aie 
inta the engine, 


This fitter ensures anty 


pure, debris-ree air 
enters the engin. 


The cap ensures.no more air 
can get into the fuel line, while 
the filler pipe also features an 
feu for any ari the tank to 

‘esesoe when relueling 


The Inine fue! titer rds the 
fuel of any impurities that 
could cause damage, 


Float 


Fuel pump 

“This droves fuel from the 
tank to. fuel infection 
system at high pressure 
Modern pumps are 
electrical, while older 
cones are mechanical 


‘A Moat is attached to an 


the engine as soonas the cars fired up. conditions and the behaviour ofthe driver, © Lees 
tric es lis used ore 
Return rail the float makes its way to: 
Carburettor up close 
Devers any fel the bottom. The level gauge 
Although now superseded by fuel eemedexcessheby sender lets the cer nw 


injection systems carburettors still play how much fuel remains. 
a vital role in classic cars as well as 


tools like chainsaws and lawnmowers 


the pressure regulator 
Fuel rai back to the fel tank 
The fuel ral deposits 
el ina inva 
o Injectors and sens any 


4. Venturi 

This narrowing chamber is 
where air meets fuel in 
carburettor. The ratio of a 
fel and the quantities of 
‘passing nto the engine can be 
‘dusted via an idle mixture 
serew and an idle speed screw. 


Tank 
Fuel is stored here until 
itis sent tothe engine 
by the fuel pure. 


3. Jet 
The jet allows 2 Fine amount 
of fuel to be sprayed into the 
‘aeraw vertu, where it can 
‘mix with ale botore traveling 
ta the inet manifold 


Inside the tank 


Even the fuel tank itselfis a great plece of 
engineering, and not just a holding box as t might 
first appear. Fuel tanks vary in size, ranging from 
‘around 60 litres in capacity on smaller vehicles to 
figures in the hundreds of litres on trucks and 
bheavy-goods vehicles (HGV'). Traditionally made 
from steel, modem tanks found on cars are 
‘moulded from lighter plastic and contain several 
“baffle tanks! rather than being just one big open 
‘space to stop sloshing which could upset the: 
vehicle's batance when rounding comers. 

‘fuel tank is sealed, which is why it's possible 
for fuel to sit ina tank for years without 
‘excessively evaporating. Fuel is drawn from the 
tank using a pump, and a float on an arm allows a 
‘measurement to be taken of haw much is left. 
With no fuel, the float sits at the bottom of the 
tank, fully extending the float arm, which sends a 
‘meséage to the dashboard to notify the driver 
that a visit to the petrol station is imperative, 


1. Choke plate 
When opened, this 
lets clean air enter 
the carburettor to 
be rized with Fuel 
befare being feo to 
the engine. 


Dictates when the petrol 
ad ai micture enters an 
engine; ina car the throttle! 
plate opens when the 
secelerator fs presse 


Engine control unit 

‘An engine conirol unit (ECU) 
fensures mare fuel set into the 
engine relative tothe amount of ai 
{et in by the throttle valve, This 
monitored by a variety of sensors, 


Fuel injector 
These are used on mader cars to 
deposit fuel directly into the intake 
‘manifold, where the measured 
explosion takes place. 


2. Float 

‘Stops fuel from freely flowing into a 
carburettor, which can cause Tleoding, 
When up, no fuel flows, but during use 
the float is pushed down to allow fuel 
Iota the earburettor in spurts. 
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What’s inside a high S 
performance tyre? 


with how tyres keep a vehicle on the road 


P Get to grips 
=~ 8 
~ ‘Tread 


“The rubber tread is where tyres ke 


this high-performance track tyre 


from Falken, come Into contact wath 
the road, The more surface arva it 


thas the more grip acar will have. 
However a tread’ needed ta 


éaperse water from the tyre in wat 
conditions. Esch tyre company has 


‘ts. own specifications fo babance 


these elements to varying degrees. 


Textile cap ply 

The textile cap ply, or casing ply, 6 8 
parceled fabric cord of many layers 
that forms apart ofthe subsructire 
“This also helps reinforce the structure 
ofthe tye and, long wth the see 
cord bel oy protect against sets 


Steel cord belt ply 

Fine but durable ste! bak ples nelp 
add to the textile cap ply on top by 
improving the tyr'sresistmen and 
reinforcement against the weight of a 
car, These pies ae bd horizontal, 


Simple in design and yet vital in 
anaccesssolution 


n marine industries, 


watertight doors are able to stop water 


passing even under huge pressure. 
Essential to their operation isa seal 
around the perimeter of the entrance 
being fully compressed and in contact 
with the “knife edge’ of the frameto 
prevent leakage. Equally, these doors 
must be incredibly strong and stiff hence 
why they're usually made from steel) to 
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Watertight doors ~== 


How do these special ship doors manage to hold 
their own against a flood of oncoming water? 


“A watertight door will have aioe ee Teteropnine  Teoe(SOutoe | Telpesceacie | Resmcrta sane, Teeds 
strategically located locking points hing wecinneed Te satheopaces | toheuegende”” | Tpesseausomtaneouy | coy ont 
to provide compression of the seal" suscsrnséene! — einabeamarsiea” "=a MOSM | Te Steetamive Nom? | pate 


(on 23 July 2008, and a draught of 74m. 


Destroyars operating together 


| 


\ AIRFIX: [! y 
> nO WELSH DIAG: 


Either one AgustaWestland 
Merlin or two Lynx helicopters 


powertul radar assisting 
this task. 


‘The ships primary 
conventional weapon 
Is aBAE systems 4,5 
inch mark 8. 


Two Rolls-Royce 
WR-21 gas turbine 
alternators and two 
Wartsili 12V200 diese! 
generators provide 
electrical power at 
4,160 volts to a high 
voltage system. The 
high voltage supply 
is then used to 
provide power to two 
Converteam advanced 
induction motors with © 
‘outputs of 20 MW 
(27,000 hp) each. 


Sidewall 

"Made from the same rubber as the 
(read, 9 tyre's ste is printed hore. 
reads, say, 205/65/15, the first number 
'sthe tread width in millimetres the 
second number indicates the height of 
the sidewall as a percentage of the 
with, and the last isthe inner ren 
diameter ir inches, Sidewalls are made 
ough ta protect against side impacts 


[] For more information on 
the HMS Daring Type 45 
Destroyer, please scan 
this QR Code with your 
smartphone. 


Steel bead wire 
‘Ahigh-resistant steal wire hoop (bead 
‘wires embedded in the rubber lip on 
‘each sige to ensure the tyre is held 
firmly to the wheel rin. The bead 
Wires are protected by a hard rubber 
‘apex and an abrasion-resistant rubber 
fim strip, wich sits hash withthe 
‘ede of the wheel when fited. 


Inner liner 

‘The innerliner of atyre often made 
{rom Butyl rubber, acts as a modern 
emer tube and ensures the air stays 
tnside when put on a wheel. Fairy 
‘hic, the lining accounts for around 
ten per cent ofthe tyre's weight. 


an 


Britain's six Type 45 ‘Daring Class’ 
Destroyers are the most advanced 
escorts the nation has ever built. 
are designed to shield a naval 
orce from air attack by using the 
Sea Viper missile system. Their Aster 


Structure 
The frame 
be reinfor 


—< 


missiles can knock targets out of the 
prevent any form of deformation ot | sky over 70 miles away if required. The 
warping [rom the heavy loads brought by d ‘Type 45 destroyers are also capable of 
stead of wate Tool this awatertight | arange of other roles and end 
door will also have strategically located 


their commissions switching between 


oc them, often at sh 


points to provide sufficient 
jon of the 


sealall over. These 


ng polntsare traditionally activated 
viaa single central wheel/bar found in 
the middle of the door for ease of use. 


Usually rubber, this is 


Watertight doors can either be hinged 


depressed by the door 
or sliding, square or radial, and they etegead lela Join the AIRFIX Club rie at 
come in a number of different sizes jenna te Youll #humbrol we 


wamsyoutee-com! visitor 


cficalarioe 


eeu numbrel com 


wu Ho 


the largest ever built. had a main span of 300 metres (984 feet) and two 
towers each 58 metres {190 feet) high. However it was demolished in 1961. 


“Less than 25 of these bridges 
have ever been constructed - and The Widnes-Runcorn Transporter Bridge over the River Mersey, UK, was 


only a few remain in use today" 


4 
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Aerial transfer bridges 


Learn how transporter bridges carry cargo and passengers across water 


‘One ofthe biggest challengesin bridge 
butlding across busy rivers isallowing 
boats to navigate them freely, 


Solutions have been invented in the form ofa 
variety of movable bridges, withsectionsthat Anchor arm 


a / 
A 


ry) 


The platform is 
suspended belaw a 
tralley, which moves the 


retract, ft up or even sink to make room. Tennis coe eso 
Arare example is the transporter bridge, or paceman 

aerial transfer bridge, which uses.a movable pac helptechls i 

platform, or gondola, to carry loads from one cantilever arms. 


bankcto the other. Thereare very few examples 
worldwide -indeed, less than 25 of these 
bridges have ever been constructed ~and only 
a fewremain in use today. 

The construction of transporter bridges 
varies, The Vizcaya Bridge in Spainhas two 
pillars connected bya crossbeam and 
supported suspension cables, while the Tees 
Transporter Bridge pictured) in the UK isa 
cantilevered design with two halves, each 
supported entirely by twotowersateitherend, | 

Despite the differences in thelr overall 
structure, transporter bridgesallworkusing | 
the same fundamental mechanics. The gondola || 
is suspended below the bridge bya series of 
steel cables, which attach toan overhead 
trolley. The trolley its ona track, which runs 
the length of the bridge, and a winch system is 
used to draw the platform and its cargo back 
and forth across the waterway. 

The gondolas havea large carrying capacity 
and can often transport several hundred people 
or several vehiclesat ance. They also providean 
advantage over traditional bridges in that they 
can take passengers directly from ground level. 

Ifthe riverbanks are very low, along approach 
road is required to get vehicles to the correct, 
altitude to cross anormal bridge. © 


The bridge is made 
rom two cantilevers, 
‘each supported by a 
pate of tomers 


The science 
of cantilevers 
The Tees Tranaporte Bridgein 
Madesbrogitsbult esl to 
poste ee 
pei abil oes 
ee leer 
Sette he oad he cava 
Stoporiedby aslo corre 
peepeat petra inp 
rs ines enter ora 
Zuber ume conus iota 
spvoate recon rovara 
Seranroerce tthe corte 
seclaiha ceca: osc rs 
‘Sivas bd otha roan by tor 
Gree aad suche ore 


A track between the two 
towers allows the troliey 

tomave back ana forth 

hong the bridge \ 


‘Anemometer 

‘The gondols has equipment to 
detect ward speeds: if the wind 
reaches S6km/h 35m) the 
bridge is closed for safety 


Cables 

The gondola is attached 
tooverhead rats by 8 
network of steel cables, 


{An engine room supplies - 
‘power to the winch used The bridges supported Carrying capacity 
BED 1 rove ne gondcls. bysstrong granite Passongors travel ‘This gondoU Gih barry 2 
foundations buried deep SD) 2cross the bride vsing = few hundred passengers 

‘beneath the ground. * c large moving olatform, cor up to nine vehicles 
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Bigger is better. That's not just an 
expression, it'san evolutionary 
phenomenon called Cope’s rule: 
animals tend to evolve into biggeranimals. 
ver millions of years dinosaurs went from 
small reptiles into ground-shaking giants. After 
they went extinct, mammals became the 
dominant land animals and they too inexorably 
evolved from mouse-like critters into oversized 
behemoths such asa six-metre (20-Ioot) sloth 
‘Megatherium and the 12-ton-plus, horse-like 
Paraceratherium. When the ice ages came, the 
largest species were wiped out and smaller 
‘ones took over and started growing once again. 
The giant animals that exist today are just the 
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cotegories 
explained 


410 kg 


Hercules the liger(a cross between a lion and a tiger) welghs 410 
kilograms (904 pounds) and stands1.4 metres (4.6 feet) at the 
shoulder. He is 3o per cent bigger than the largest tiger. 


Jatest swing of pendulum that has been 
marking time aver geological timescales. 
Natural selection drives species to evolve 
larger bodies for several reasons. Being huge 
obviously makes it harder for you to be eaten by 
predators, but this is only part oft. The fiercest 
vals most animals face are other members of 
their own species. The biggest males will be the 
‘ones to control the largest territoriesand have 
access to breeding females, Darwin thought the 
giralfe’s long neck evolved so that it could reach 
the leaves on the tallest branches, but recent 
research has suggested that it may actually be 
because winning necking’ contests ishow 
males establish dominance aver each other. 


Eventually every species will reach alimitto 
its size, During the Carboniferous period 
‘around 300 million years ago, insects and other 
invertebrates grew to enormous sizes, There 
‘were dragonflies with 75-centimetre 30-inch) 
wingspans and a millipede-like creature called 
Arthropleura over two metres (6.6 feet) long, 

But this was ata time when the oxygen 
concentration in the atmosphere was above 35 
percent, rather than the 21 per cent itis today, 
Eventually the oxygen level was so high that 
forests - and even swamps - caught fire with 
every lightningstrike. As they burned, the 
oxygen in the at fell to much lower levels 
‘Without sophisticated lungs and circulatory. 
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Dizzy spells 


How do giraffes avoid the blood rushing to their head? 


Elastic skin 

e lower legs also need 
extra thick stretchy skin 
to prevent Varicose Veins 
Torming when blood 
pools inthe calves 


systems, these arthropod monsters simply 
couldn't get enough oxygen to sustain their 
massive bodies so they died out, 

Even without such drastic environmental 
shifts, there are very real challenges for giant 
animals. Most predators generally eat animals 
smaller than themselves, This allows them to 
huntabundant prey and achieve an easy kill 
with minimum risk to themselves. But 
carnivores heavier than about 2 kilograms (46 
pounds} can’t catch small animals fast enough 
to meet their food requirements. Instead they 
have to hunt quarry much larger than 
themselves. This is more dangerous and 
requiresa radical shift in tactics. Alarge 
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Giraffes must pume 
blood at twice human 
blood pressure to 
‘ensure it reaches all 


\\ 
y 


Non-return valve 
Around seven valves in 
the jugular vein stop 
blood from flowing 
backwards on the return 
trin to the hear: 


Safety net 
‘Abrarched network 
called the rete mirabile 
ets a» shock 
abeorber to prevent 
burst blood vessels 


Stooping 
‘When the giratfe 
bends to erin, the 
heart has to push 
‘ood downwards, 


carnivore also hasto cope with irregular 
mealtimes, with long periods of starvation 
followed by a stomach-stretching blowout. 
Herbivores, meanwhile, face challenges of 
their own. Plants are relatively poor in 
nutrients, so they need to eat a lot of them. Giant 
herbivores like elephantsand rhinoscan 
quickly overgrazeanareaifthey don't 
constantly move on, and their large weight can 
‘compact the ground to the point where 
rainwater doesn’t soak in properly and seeds 
find it difficult to become established. 
Elephants will uproot trees to get at the topmost 
Jeaves, turning savanna into grassland, 
Elephants can't survive on just grass though, so 


\ 


All heart 
‘Aheart more than 
§ 60em (tin) tall and 


. 
>) 


large populations of elephants can become the 
agents of their own destruction, 

Amassive body also creates problems for 
reproduction. Ifthe youngare born toosmall, 
theyare vulnerable to predators; born too large 
and the extended gestation period places too 
much strain on the mother. Elephants spend 
almost two years pregnant and giraffes must be 
born with much shorter necks in order to 
prevent complications during birth. 

But if nature has shown us one thing, it’s that 
obstacles are there to be overcome. Around the 
world in virtually every animal group, colossal 
creatures have risen to the challenge and 
stompedonit, Let's meet nature'sgiants... @ 


How It Works | 039 


“Within a given species or genus, 
the larger variants are normally 
found in the coldest climates" 


The perfect 
temperature 


Large animals have intrinsic protection against 
the cold. The bigger you are, the more heat is 
generated by your metabolism. Kodiak brown 
bears don't hibernate in the winter to avoid the 
freezing temperatures they doit because 
there isn’t enough food to support thelr 
voracious appetite, Within a given species or 
Renus, the larger variantsare normally found in 
the coldest climates - the Siberian tigers the 
largest tiger subspecies, for example. 

But in hot climates, being large presents the 
opposite problem: how to get rid of that excess 
heat? Hippos spend the day in rivers or lakes 
and only venture outat night to graze. The 
southern white rhino spends the hottest part of 
the day wallowing ina mudholeand even tigers 
will takea dip in the river to cool off-one of the 
Hippos speTUie-ggafnty of only large cats that does this. Elephant 
Lie diiregmampane Yokes ‘0 too, but when they are on the open savanna 
‘espe the Ser feeding on 
Ses Uigheer owesdtannn their earsact as natural radiators, pumping hot 

blood through thin skin to shed heat 


tsswim 


Don’t ever race 
a giraffe! 


The legs of a giraffe are two metres (6.6 feet)long 
but almost halfof this isactually the foot. The 
joint that functions.as.a knee is anatomically 
equivalent toa wrist orankle. The giralfe 
balances on the tips ofits toenails, but to 
support its weight these toenail hoofsare 30 
centimetres 12inches) ac 
gallop at 6o kilometres (37 miles} per hour for 
short periods, while elephants hit the red line 
at just 25 kilometres (16 miles) per hour. 
Because of the way that their legs must be 
positioned to support the body weight, 
elephants have very poor leverage and use a 
single running gait. Long-distance runningisa 
problem for many very largeanimals. Tigers, for 
cover as much as 32 kilometres 20 
> - . but they do it 
Lic atunanteaninals oes nm atan easy walk. To catch prey they must sneak 
=o aie BEE towithin 0-20 metres (33-66 feet) of the vietim 
before they are in pouncing range. 


Giraffescan 
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Anatomy of a giant 


‘When you weigh between six and seven tons, just 
standing up is an incredible feat of engineering... 
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“Giant salamanders can live for 
over 30 years and keep growing 
throughout their lifetime" 
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Huge ears 


Hollow skull 
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Baffin Island sea ice Spider Crater 
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SPECIAL USA OFFER 


The Eye of the Sahara _ 


Whatis the Richat Structure and how did it form? 


fauritania, Richatisa has 
y lome whose crest has worn: 


Subscribe today and pay 
just $6.15* per issue 
Save 35% off the 
newsstand price 

Each issue mailed to 
you direct before it 
goes on sale in stores 
Money-back guarantee 
on any unmailed issues 


To order online, 
visit our secure site and 
enter the offer code USA 


Or call bi POLS Rinctetate and quote USA 
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“Such is the power of glaciers that the 
bottoms of fjords are often deeper 
than the ocean they open into" 


How fjords form 


Asa product of the epic clash between ice and rock, 
find out how these amazing valleys are created 


Skerries 
‘Some fore systems have 
istands scattered near 
the opening of the fad 
to the open ocean, which 
are known as skerries 


ficoceans, andar 


pup to 
bore through 
nd 


de, adding tothe are rocky 
This both largeand moun orsmall and 
treacherous to navigate ina boat. 
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Scoresby Sund 


= Steep 


Fiordo Baker 


Neerayfjord 


flowing into the main 
channel higher up than 
the current water level 


¥ 
by the aacier 


Deep channels 
The deepest parts of the 
Ford's channel are ely 
tobe slighty farther 
Inland, where the glacial 
force was strongest. 
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DISCOVER THE PAST! 


www.historyanswers.co.uk 


Cook them © Drown them © Make fun of them 


Hornets vs honeybees 


How 30 giant hornets can exterminate a colony of 30,000 honeybees in mere hours 


Japanese giant hornet biology Compan ees 


A consummate killer, the hornet is built for mass murder 


young, Oncea hornet scout locates a 
honeybee nest itreleases a potent 


hornets are four to five times thesize of 
the honeybees and, with every minute 
that passes, one hornet will massacre at 


Plat Jeast five bees. Strong tarsal c 
Tudor's military triumphs & disastrous defeats orld War it n 


wit real ay re 
Eyewitness [om me 


a sans 
HISTORY 
ONSALENOW The smell of rain 


° War & conflict » The Black Death » Babylon » Birth of the FBI Find out why precipitation creates a distinctive 


aroma that's the same all over the world 


protect their hive-attempting to sting 
through the hornets’ impenetrable 


Tarsal claws 


These vice-ke claws grip the 
armour-but within three hours the Mandibles rey while sakes 
ped out. The hornets now Stinger Powerware Sor wok fr 

s to enough honey to gorge This pumps remrtilecleeet wetims in seconds. 


bees with a single se. 
themselves, and all the bee larvae and 


hvalgte 
fromal oat 

newsagents and 
Supermarkets 


40 Js 


to splitatmospherlc 
i molecules into individual 
form nitric oxide, which in 


BUY YOUR ISSUE TODAY 


Print edition available at www.imagineshop.co.uk 
Digital edition available at www.greatdigitalmags.com 


itt Sa ee 


‘ompounds con in the groundand, when it 
he smell of petrichor will fill you nostrils, ©. 


“For some varieties of salmon runs STOP Tmihonersines i Qimteutarsmnt | greswunacionan i gueastenimics: | glewtasosrsssom 
Ween oa MC Tete aces me of up FACTS Sieiuindercence” | “erestamaamat, |” Zaoiimanaobrna | Gunaanetwessiton - — mhiernitcniey 
SYS NI IS i) to 3,200 kilometres [2,000 miles] Gee neaanons | eters SEE GORI ieee) | Coe 
. S 
= Gill cover _ 
cae th opera hs 
_ The life cycle ofa ttt 
maces Winns TE ee sete TAs 
sockeye sal 2 ee 
a mon ee ents \irations Uwough the water” ‘These oveapping lates 
uetp he hens or ovis here praestve tox 
: pa ? ‘ecmliniann sou csrnaoetysen 
Discover the epic journey a salmon undertakes from birth to death wei ti Now, ote Asthey deve, they Dorsal fin 
eripeicceeitts! Ui tecteamarscar | Rea 
Thelilesqueticlssomethingofan fshermen'shooks, uptrescherousbesvined generation ofselmon thatwill embark on twoacaweckte "lil Nowecatnetsoy, koe eee 
adventurous existence ifyou'rea rapids and on tothe gravel bedsofthestream _ precisely thesame cycle of life. inner growth rings. spines covered with 2 thick aygrage life span in the wile 


skin, Acting as a rudder, 
this fin kets the fish 
steady and traveling 


25 years 
Weight 2g (5350) 


‘migfatory Pacificsalmon such asthe _ where itwas born. For some varieties of Around six to nine weeks after the eggs 
sockeye. While mostofitslifeisspentoutin salmon runscan cover staggering distancesof have been laidand fertilised in the gravel, the 


the ocean, such seasonal changes as the up to 3,200 kilometres (2,000 miles) up the young will begin to hatch in the freshwater vuoright through the water, Langite tscin (3) 
. shortening ofthe length ofadaytriggerthe Yukon River. It unknown quite how the where they will remain developing for up to 
‘once-in-its-lifetime migration back to the salmon knows where i's heading, but t's three years. First hatchingas alevins they 
freshwaterrivers ofits youth. thought it could be following its nose and develop from defenceless small fry through to Pectoral fin 
= Theannualsalmonun performedby the _trackingacertain familiar scent. well-camoutflaged parrs, then smolts and ‘pair of pectoral ins below 
aduitfishtakesplace usually in late-springto ‘The death-defyingvoyageisexhaustingfor eventually toadults. After that they will oma are 
summer. Thisinstinetivébehaviour, written theadultsalmonand, once itarrivesatthe | _migrateto the ocean for their first taste of pon tatbcanaaies 
inthe genes, sees the salmon battleitsway __spawningground and lays/fertilisesitseggs, saltwater where they will continue thefr ‘muscle, nat other bones 23 
from the ocean back along estuaries, past itwill die. The neweggsdevelopintothenext growth into maturity, © jellies Neeeameeson Lb 


highly flexible, Pectorals help 
—_— ~ ‘to maintain the correct 

~~ \ depth in strong currents Pelvic fi 
Like the pectoral fins, the 


Ladders for fish J bolt tego 


When salmon make their way back upstream to ae Bi stopping and hovering. 
‘spawn, they can encounter a number of ‘ 
‘manmade barriers, such as dams and locks. To 
ensure the fish can progress, humans have built 
‘stepned channels that go over or around the 
‘obstructions. Known as fish ladders these help 
the salmon overcome otherwise impassable 
obstacles and carry on the rest oftheir perilous 
journey. The mast common type of fish ladder 
Jooks tke along staircase of mini waterfalls up 
which the fish can leap, but other varieties 
include elevators, pools-and-weirs and baffles. 
‘The Bonneville Dam on the Columbia River is 2 


‘major salmon thoroughfare from the Paci to J finis the caudal ino alo. 
freshwater spawning areas between Oregon and ee \ ‘This waves water from sie to 
‘Washington. Hundreds of thousands of salmon : ‘side ta propel the fish forward, 
take this route every year so the addition of the 4 b often agai strong currents 


Bonneville fish ladder means these aquatic 
‘commuters can get where they need to go. 


A sockeye goes through a ‘The try translucent eggs spawned “An alevin hatches out ofthe soft “The salmon is now starting to look ‘After a few months, when the fh ls ‘By the ime the salman is one to “Once it gets to the ocean, the adult 
number of dramatic physical ~ to the gravel beds of freshwater ‘eggshell but remains hidden in the ike a fish. At five to ten weeks ald, about LSem (Gin, the fry becomes 2 three years old, tna longer bears ‘quickly reaches maturity. The akin is 
nat to mention geographical ~ rivers and streams area pinkish- ‘gravel for another month. will it leaves the gravel nest and learns Parr. It's still Vulnerable and 50 any stripes but appears silver. silvery blue with black speckles spawning female digs a nest called 
changes in its lifetime... ‘orange colour. Each mate salmon ‘feed on a nutrient-rich yolk sac that to swim and feed on minuscule develops dark vertical stripes on its Smolts head forthe sea, and in the while it ives at sea, but when it redd into which she lays her eggs 
fertiises over 2,000 eggs, which remains attached to the small ‘aquatic insects. At this point the ‘sides for camouflage, It will emain ‘estuary undergo smoltitication 0s returns to freshwater to spawn it for a male to fertilise. Within about 
hatch ater afew weeks. alevin's body, until itis absorbed, ‘salmon are very vulnerable, at this stage for up to three years. they adjust to the saltwater. turns red with a greenish head. two weeks the fish will have died. 
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Answer: 


Zenit eS cause of limb amputation? 
CEE Re a car accitent & Diabetes c Lightning 
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The right materials 
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Building a 
bionic human 


Advances in technology make it possible to build 
limbs with components that mimic the function of 
the skeleton, musculature, tendons and nerves af 
the human body. Meanwhile, thesensory system 


can be replicated with microphones, cameras, 
pressure sensors and el that most 
vital organ, the heart, can be replaced witha 
hydraulic pump. Some of the newest technologies 
are so advanced that the components actually 
outperform thelr biological counterparts 


Pneumatic 
tubing 
Pulses of a trom 


push blood out 


“Some of the newest technologies 
are so advanced they outperform 
their biological counterparts" 


Retinal 
implant 


‘Argus Il, Second Sight 
A s 


images and Wireless 

re nolan technology 
Implant 
The implant 

the brain for processing. a 6D ele 


Receiver/ 
stimulator 


Microphone 
and processor 
The equipment f 
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\ j (BS synthetic 
\. BF D ventricies 


Plastic vent 


‘gig replace both of the 
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-ssing the sound 
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BIONICS FIRSTS. 
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Electrodes 


Electrodes plek up 
‘gnats from nerves 


rerouted into 
nearby rruscles. 


Touch-sensitive 


prosthetics 


‘Touch sensor 


Electrodes 
1 of electrode 


is of bionics 
Joints n nm 3D-printed organs 
pallies 
pa ease mains 
facguanessnicg te 


Computer 
computer processes 
Information eaming in 
from the electroses, alternating layers alongside a 
transparent gel-like scaffold 
material. As the cells fuse, 


the scaffold disappears 


Ekso skeleton 

Ekso Bionics has made 
bionic exoskeletons to allow 
people with lower limb 
paralysis towalk, Ekso 
supports their body and uses 
motion st 
gestures and then translate 
them into movement. 


Artificial kidney 

The University of 
California, San €0, Is 
developing a bionic kidney. At 
about the size ofa baseball, it 


rs to monitor 


contains silicone screens with 
nano-drilled holes to filter 
bloods it passes. Itwill also 
contain a population of 
engineered kidney cells 


Man-made immunity 
Leuko-polymersomes are 
Hipeminr ah plastic 'smart particles’ that 
mimic cells of the immune 
system. Theyare being 
designed to stick to 
inflammatory markers in the 
body and could be used to 
get drug delivery to 
‘analyse the user's cancer 


‘movement and adjust 
the leg accordingly. ae ‘ic blood cells 
The Institute for 


Molecular Manufacturing is 
developing nanotechnology 


mami that could increase the 
Signalling with Joint oxygen-carrying capacity of 
The electrades send Nerve The joints areal 

a small electric Eats papanbatneae blood. Known as respirocytes, 


in co-ordination with 
‘one anather. 


the cells are made atom by 
‘atom - mostly from carbon, 
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SOLAR SYSTEM DEEP SPACE 


FUTURE TECH 
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Available 
from all good 
newsagents and 
supermarkets 


ASTRONOMY 


Face mask 

‘Masks are usually used by 
‘Guldren and the elderly, but 
‘3 meuthpiece fs more 
efficient and less wasteful 


Larger drops 


reservar below for 
renebulesation 


Feeder tubes 
guid medication bs 
sucked up these 
tubes towards the 
area of low pressure 


Medication 
solution 


oe 

9,58 Venturi gap 

100 © Ai trom the 
capresso is forced 


¢ 


jomising the 
avid medication 


Nebulisers demystified 


How do these devices vaporise medication to treat respiratory problems? 


For some treatments swallowing a pill 
‘or having an injection won't get tothe 
root of the problem, Nebulisers offer 
an effective way toadminister drugs directly to 
the lungs by vaporisinga liquid solution of the 
drug intoa fine mist of airborne liquid particles 
‘one to five micrometresin diameter. Primarily 
used to treat lung conditionssuch as chronic 
obstructive pulmonary disease, asthma and 
e mist is inhaled allowing the 
geting ol problem areas. 


cystic fibrosis, 
drugs easie 
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Jet nebulisers use an electricpump to force 
compressed alr through tiny gap-the 
Verituri. Here anarea of low pressure forms due 
to the Bernoulli principle, which states that a 
stream of faster moving air will always havea 


lower pressure. A liquid solution of medicine is 
sucked up into small feeding tubes by this 
pressure difference where it meets the fast 
stream of airand atomises into an aerosol 
mixture of tiny liquid drops and ait. The patient 
inhales this mixture through a mouthpiece or 


mask, holding their breath fora few seconds, 
which deposits the fine particles in the lungs 
Instead of them being immediately exhaled, 
Balfles Inside the medicine container control 
particlesize, trapping any droplets that are too 
big and directing them back towards the 
reservoir for renebulisation. Particles larger 
than five micrometresare unlikely to getas far 
as the lungs before depositing, while those 
finer than one micrometre tend not to deposit 
atall, as they’reso light, and are exhaled. © 
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Galaxy Note 8.0 


HEAD 
HEAD 


“Along with the Snapdragon 54 Pro 
system-on-a-chip, [it] is also net 
with on inductive charging coil 


Ween 
TECHNOLOGY 


ond SEND 


2 


fe BO 
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TABLET WARS 


Inside the new Nexus 7 


Google's latest Nexus 7 has the most detailed screen ever created fora 
tablet - and it comes witha bevy of other advanced technology too 


The new Nexus 7, the second 
generation of the Google-made tablet, 
sa178-centimetre(seven-inch) 


device which currently can boast the highest- 
resolution tablet screen of its ize in the world. 

This record comes courtesy of the 323-pixel- 
per-inch (pit panel display, which is 
‘unsurpassed in any other tablet on the market 
~and that includes Google's own larger Nexus 
10, which clocks inat only 300 pi 

It’s notjusta one-trick pony though. In 
addition to the Nexus 7's record-breaking 
screen isa host ol other cutting-edge hardware. 
Along with the impressive specifications 
delivered by the tablet’s Snapdragan S4 Pro 
system-on-a-chip, the new Nexus 7s.also fitted 
with an inductive charging coil. This coil is 
designed to work with the Qi wireless interface 


emo 


fn this tesue's Group 
Test, we pit three of 
the latest tablets head 
tohead, including the 
secand-gen Nexus 7. 
See which comes aut 
‘on top on page 88, 
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standard and, partnered with acompatible 
charging device, allows the tablet to be topped 
up wirelessly by electromagnetic induction, 
bolsteringa growing range of products doing, 
away with traditional wired chargers. 
Intermsof software, the new Nexus 7 comes 
pre-installed with the latest Android operating 
system: 43 Jelly Bean. In terms of connectivity 
Wi-Fi, Bluetooth, NFCand LTE are all supported 
the latter broadly so with seven LTE data 
frequencies enabled in both North America and 
Europe; a feat that no other tablet can lay claim 
to. Abroad range of frequencies means that the 
‘one device can be used in conjunction witha 
variety of network suppliers, such as AT8T and 
Verizon in the USand Vodafone and Orange in 
the UK, rather than requiring individual 
network-specific models. © 


Why does ppi matter? 


Arguably the most advanced piece of technology 
‘on the new Nexus 7 is the 323 ppi screen, This is 
2 vast improvement on the ariginal, which 
featured only 216 ppi. It’s also a world record for 
2 17.8-centimetre (severvinch) tablet. 

The greater number of pixels you can squeeze 
into an inch of a device's panel, the higher the 
panel's overall resolution willbe. As such, 
screens with high ppl counts are capable of 
displaying media with superior fidelity ie 
crispness and detail) than those with lower 
counts. Typically high ppi screens are therefore 
associated with expensive, larger panels, such as 
hase used in hi-def computer monitor 

mportantly though, having a physically large 
‘screen does not in itseif require a high ppl count, 
with mary larger (and cheaper) panels delivering 
low ppi counts and poor fidelity. To find such a 
smal screen with such a high ppi count in the 
Nexus 7 is something of a technological leap, 
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Nexus 7 teardown 


We identify the next-gen tech powering this hot new tab 


Qualcomm Atheros 
This chi is responsible for 
controling the tablet’s WLAN 
‘/b/a/n, Bluetooth 4.0 and 
FMM radio functional. 


Elpida RAM 
2GBof RAM comes 
in the shape of four 


512MB DOR3L chips. | 


Casing 

A purely plastic case contributes 
{oils weight reduction from the 
‘original. thas a matte finish on 
the rear to help with arp. 


Inductive charging coil 
builtin inductive charging call 
‘means the tablet can now be 
recharged wirelessly, The Newus 7's system-on- 
chip contains its L5GH? 
‘quad-core CPU and 
‘Aérena 320 GPU, 


‘SK Hynix NAND Flash 
Storage comes asa single 
chip of 1668 eMMC 


— sol-state memory. 
The new table's screen 
16 51820. L200px PS 
ed panel wih apse 
density of 323 ppi. Motherboard -—- 

The motherboard contains 

variety of key hardware 

(exlored in etal above) 

Cameras ] 

Theres a SMP, 

autofocus rear camera 

and a L2MP front 

{eng camera C 

Daughterboard 


A secondary circuit board 

holds the tablet’s capacttive 
touchpad contraller ~ an 
ELAN integrated circu 


Speakers 
‘brace of thin, 
plastic-composite 
speakers are installed in 
the top and bottom of 


The statistics... 
Battery ‘Nexus 7 [second gen) 


‘The 3.950mAh battery s rated at Height: 26071 (79 
3.8V and 15Wh; it offers an extra 


the Nexus 7s case hour of usage over the orga oie 
Welght: 2200 (1202) 
— Seren sae: I 30 (7 
—— Sereon resolution: 
~ 1920 «1200p 023 ppt 


Comme 


The new Nexus 7 is 
ot only thinner and lighter 
BL than the original but faster too 


(05: Arid 43 ey Bean 
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GREAT PHOTOS M ADE EASY Le oimensions 179X92x6.5mMM ceu 2.2GHz quad-core 


XPERIAZULTRA WEIGHT 212g DISPLAY 1,920x1,080px BATTERY 3,000mAh 
www. photoforbeginners.com : 


TI 
Great shots with any camera 


ts with any camera 


graphy 


Waterproof smartphones 


How do these electronic devices carry on working even when underwater? 


Today there are two main methods for 


times thinner thana human hair. 
Once on the phone, the ultra-thin: s 
nanocoating, but layer then d e coate 
isthat made by 8 e polymer, protecting them until the water 
Pai. This com ct 


Craporated orwas dried off manually, © 
A phone worth splashing out on Waterproof 

/e pick out the key components that keep the Xperia 2 Ultra Superdry = 
phone rivals 


Motorola Defy 
Witha single 
Port covers 


one of the 


BooMHz CPU, 512MB of 
~~ Tough materials 


for beginners 


ON SALE NOW: : &. = 
> Landscape tricks > Master lighting > Capture stunning portraits ; 


4 Active 

Witha quad-core 
RAM 

and Android 4.2.2 


(FB © 


an take the f 


> a 


BUY YOUR ISSUE TODAY Sareea 


Sony Xperia 


inup, 


Print edition available at www.imagineshop.co.uk 
Digital edition available at www.greatdigitalmags.com 


he ovr late 


be & 


ok.com/Photo 
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“Using digital technologies with 
the internet, school is becoming 
a multimedia experience" 


Digital classrooms 


From virtual lessons to interactive whiteboards, discover 
how new technology is revolutionising the way we learn 


Technology is now at the heart of many 
classrooms, providing students with access 
toa whole new way of learning. Using 
digital technologies, combined with the internet, 
school is becoming a multimedia experience. 
Indeed, Inova there were 15 million iPads in use in 
education, as well as aver 20,000 educational apps. 

Ofcourse, the internet has broughta huge 
resource to the digital classroom, granting instant 
access toa wealth of online information and 
educational tools. Many universities are uploading 
free materials to massive open online courses {or 
MOOCs}]iIce Tunes U and Coursera, providing global 
access to free world-class education. Classroomsand 
labs are now also often equipped with microphones, 
speakers and webcams, opening up opportunities 
for collabarations across the globe. 

‘Access to these digital educational resources is no 
longer limited toa single, rarely used computerin 


What technology makes a 
whiteboard interactive? 


Interactive whiteboards use a 
variety of technologies to provide 
the interface between user and 
screen. Infrared whiteboards use 
infrared wavelengths directed 
across the surface of the board. 
\Whena pen touches the board, it 
interferes with the light, allowing 
the point of contact to be 
calculated. Similarly, ultrasound 
whiteboards use the deflection of 
Ultrasound waves to detect a 
stylus's movements. 

Some whiteboards, bke the 
‘Beam made by Luidia pictured 
here, do not actually need an 
electronic board at all, but use 
detector which is mounted to the 
side ofa traditional whiteboard, 

The eBeam system actually 
combines both infrared and 
ultrasound. By using the two 
together, differences in the time 
taken for the waves of light and 
sound to travel across the board 
tenable the location and direction 
cof the pen to be pinpointed. This 
‘works in a similar way to 
predicting the distance of a storm 
based on the time delay between, 
‘seeing the lightning strike and 
then hearing the thunder. 


Receiver 


de 


Trackings-~-" 
{formation about 
the pasition of the 
pen is then relayed 


Computer 


‘ith the desktop, 
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The recelver (an the board) 
cts the dilleence in 

arrival time betwroen waves 

‘emitted by the stykss, 


the corner; in fact, interactive whiteboardsare now 
the focal point of many classrooms. Astylus, pen or 
finger Is used to interact with a whiteboard, on 
which is projected an image of the computer screen. 
The user's movements are detected by the board and 
relayed back to the computer, allowing the user to 
write and draw on the screen (see 'Next-gen 
whiteboards’ boxout for mare detail} 

The interactive whiteboard is so much more than 
a digital chalkboard though. The pen-style interface 
‘come with bespoke 
software capable af handwriting recognition, 
converting everything that is written onthe board 
into a digital archive. There are also programs 
available that allow anything drawn on the screen. 
tobe printed, recorded, shared and rewatched later 
This has opened up possibilities for remote learning, 
allowing students unable to attend the physical 
classroom to still participate virtually. 


means that many model 


Infrared and ultrasound 
ght and sound travel at eifferent 
speeds - by determining the time 
delay between each, he distance 
to the source can be calculated, 


Stylus 
The styl generates 
infrared ight and 
touches the boord 


Projector 
Arojector dtsplays 
the PC's interface 
(on a whiteboard 


= 


Software on the camputer 
treats the receiver as 
rg the 
‘nfarmation to imeract 


PCs IN SCHOOL 


1970s 


Pecheteatsstersbrcer| 


a 1984 


aun 


—  \ & 
How do we learn digitally? 


‘As we learn, connections between 
‘neurons in the brain are reinforced; 
the more they are used, the stronger 
they become and the more easily we 
are able to recat the information. 
Digital classrooms provide an 
engaging environment to reinforce 
‘memory. Different people find that 
they learn more easily in some ways 
than others = same preferring to 
watch, others preferring to interact, 
etc. Digital classrooms are able to 
offer tailored ways of learning, 
_2ppealing toa wide range of 
preferences, and enabling classes to 


1991 2006 


rst reeretve Cheap dsb toos the 
whichoederidiced —teXOl etal soba 
ySMART takes several aciossthe devon werd 
‘earstooomahstraan. ve acess tocompneers 


ta. Fo 
ty 


fia 276 sovedky 
aly very much 


be adapted to individual students, 
(One of the major advantages is that 
technology makes learning more fun, 
keeping pupils engaged for longer and 
providing memorable experiences {0 
really help the knowledge stick. 
One technique being increasingly 
employed to enhance learning theough 
technology is ‘gamification' ~ 
essentially turing learning into a 
‘game. The best educational games 
allow the student to learn without Th 


leven realising it. Many of these games highlighted) 


also include virtual rewards and 
leaderboards for an extra incentive, 


‘ 


2010 


Mory sees beg 
to ole ac or 
scuestnat games, vo, 
Son esnb trate 
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Mission to Jupiter 


Meet the ESA’s new spacecraft that will explore the Solar 
System’s biggest planet as well as its fascinating icy moons 


} Jupiter and its moonsare part ofa sort 
of mini Solar System’, called the 

4 Jovian system that we still don't fully 

understand, Jupiter itself holds the record of at In mind, Jupiter has been the 

beingthe largest planet inthe Solar System, focus of several exploratory n 

with storms the size of Earth anda unique past few deca 


however, a new breed of spacecraft is on its way 
to study the Jovian system like never before. 
powered Juno 


Already en route is NASA's $0 


probe, which will arrive i 
sionsoverthe » 2030the Europe 
by like the hopefully have rat i 
oorbiterthat —_ around the gas giant, called the Jupiter Icy 
195 to2003. Now, Moons Explorer, or JUICE forshort. 


atmosphere makingitaworld ofgrestinterest, Voyager spac 
Orbiting Jupiter are dozens ofnatural 
crlagestbeinginecalieanmoncio. —“EUOpa is anicymoon witha possible 
wo-Facholthee saltwater ocean beneath its surface, while 
Ganymede bears hints of a thin ozone” 


remained in the system fr 


instance, 


n icy moon with a poss 
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UNE 11.86 Earth years bis 9.92 Earth hours 
pee” 741mn km wss 317.8 Earths Mas 67 


ESA's Herschel space telescope 
was launched an an Ariane 5 
racket fram the Guiana Space 

ESA, CNES (the French space agency) and the private Centre on 14 May 2009 


Include the Herschel space telescope and the Galieo 
satolltes used for global positioning, 

‘The Guiana Space Centre is a prime launch site for two 
main reasons. The frst is that it is located clase to the 
‘equator, which means that rockets get an extra 
speed boost from the rotation of the Earth that 
they wouldn't get at more northem or 
‘southem latitudes. Its secand advantage 
is that its located ina sparsely 
populated area. Rockets launch over 
the Atlantic Ocean, s0 if for some 
reason one were to fail woul 


safely fall into the ocean and not Ls ef 
Prater bases ———— - 
a amr = 


Journey to Jupiter 


Haw the JUICE spacecraft will make its way to the Jovian system 


3. Back t6Earth & 


LICE wat een ty pat } 
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> The focus of JUICE’s mission, which will cost 
around €1 billion (£860 million/$15 billion), 
‘will be to examine and characterise three of 
the four Galilean moons —namely Europa, 
Ganymede and Callisto. This spacecraft will 
take with ita host of scientific instruments to 
study the Jovian system like never before, 
including high-resolution cameras and 
spectrometers to analyse the composition of 
Jupiter's atmosphere and its satellites. The 
emphasis of the scientific goals will be to 
provide evidence as to whether the moons - 
specifically Ganymede and Europa -could be 
habitable to some form of microbial life either 
on the surface or in the oceans thought to 
exist under each moon's icy crust. 

‘The spacecraft will launch on an Ariane5 
rocket in June 2022 to make use of favourable 
positioning of upiter to enable the spacecraft 
toreach the planet by using gravitational 
assists from Venus and Earth. A secondary 
launch date of August 2023 has also been put 
in place, which means there's a backup if for 
‘some reason JUICE is delayed. The spacecraft 
is powered bya solararray, while multiple 
thrusters will enable it to orientate itself. 

Once at the Jovian system JUICE will spend 
over three years studying Jupiter and its 
moons. Aside from the bodies mentioned 
earlier, the nature and longevity of the 
‘mission means that JUICE will be able to study 
many other interesting objects around Jupiter 
such as the volcanically active moon foand 
some of the smaller natural satellites too. 

JUICE will carry 1 scientific experiments 
that each hasa specific purpose. One of the 
most interesting isan ice-penetrating radar 
that, by using a method knownas sounding, 
will be able to measure the thickness of the 
icy crust on moons such as Ganymedeand 
Europa -something that has never been done 
before-and thus revealing the depth of any 
subsurface oceans. There'salsoa proposal to 
include a Russian-built Ganymede lander 
‘with JUICE, which could touch down on the 
‘moon and perform surface operations, 
although this has not been decided on yet. 

JUICE is part of the European Space 
Agency's Cosmic Vision programme -the 
overarching name that's been given to all 

ESAscientific space missions taking place 
between 2015 and 2025. Barring any problems 
ordelays, JUICE will become one of the 
highest-profile missions in the Solar System 
when it launches in the early-2020s, so 
certainly one to watch out for. @ 
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“This spacecraft will take with it a host 
of scientific instruments to study the 


Jovian system like never before" 


Science at Jupiter 


JUICE's main objective ts to study three of the Gablean moons - Ganymede, 
Europa and Callisto - with particular emphasis on the former. This will include 
performing a detailed characterisation of the moons and ascertaining 
vehether they may be hospitable to fe. JUICE will also study Jupiter and 

{ts atmosphere to help us further understand the gas giant planet. 


Callisto 

The desolate Calisto one of the most 
heavily cratered bodies inthe Solar 
System, but its ancient and active 
surface could hald some ofthe oldest 
recards from the early Solo Systern 
Callisto, lhe Ganymede and Europa, shay 
‘also be concealing an ocean beneath its 
surface, 40 JUICE wall conduct further 
studies of the moon to decuce whether 
‘or not this s the case by looking for 
subsurface water reservolts, JUICE will 
‘attempt to map parts of the surface and 
pin down ks physical properties 2 well 


loy 4 
While in the Jovian system JUICE may 
have a chance to observe the fascinating 
‘moon that é lo ~ the most volcanic place 
inthe Solar System, Ithas more than 400 
knawn active valeanges that spew sulphur 
‘and other material nto its surface, 
lending the moon its odd yellow hue. o's 


voloanism stems from its eccentric orbit 
‘around Jupiter, with the gas glant and its 
19 204 pul 

cause extreme tidal heating at scare, 


Ganymede 

Ganymede isthe largest moon in the 
Solar System, and also one of the most 
interesting, Like Europe it’s belleved to 
have an icy crust with a rocky surface 
hurking below, while it may azo have 2 
magnetic field tke Earth's that interacts 
‘with the Jovian magnetosphere, JUICE 
‘wil attempt to reveal mare about 
‘Ganymede by performing topographical 
and geological mapping ofthe surface, 
In addibon ta characterising the key 
surface and sutsurface ocean with the 
‘various scientific instruments on board 
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EXPLORING JUPITER 
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On board JUICE 


We highlight the major instruments 
that this spacecraft will take with it NN 


JUICE mission 


‘Launch date 


Launch vehicle: 
Mission duration: 
Dimensions: 
Solar array are: 


ata transfor 


Narrow-angle camera 
‘The NAC will take high-resolution 
mages of upiter and its moans, 
with resokulions of up tojust a 
few metres per pte 


VIRHIS a 

The Visible Infrared Hyperspectral 

Imaging Spectrometer wil study 

the composition of the moons 
laces and Jupiter’ 

atmosphere. 


layers of the ley moons and 
measure how thick thelr erusts a 


Propulsion 
Eight thrusters are fed by almost 
3,000 (6 615i) of fuel to 
manoeuvre the spacecraft 


Wide-angle camera 

The WAC, witha eesolution of 
400m (1,300) per pixel, all be 
used to map Jupiter and its moons. 
from afar 


Antenna 

JUICE wil communicate with the 
Earth using a high-gain antenna 
(HGA) 32m Q0.5t1) wide 


Power Conditioning 
and Data Handling Unit 
‘The PCDU willbe able to store 
4,750Wh of energy —enaugh to 
ower the spacecraft for ver 


Thermal design 
The entire soacecraft & 
covered in 20 layers of black 
plan for protection in the 
cole environment of s3ce, 


fight hours without suiight. 


Solar panels 


Europa oh panel of equal sire spanning 
Europa one ofthe most fascinating e689 house the sol cll 
bodies inthe Solar System, mainy that gather enerny trom the Sun 


because ithas a smooth ley surface that 
may be hing an ocean Uncergrone with 
‘more water than al that found on Earth, 
JUICE will scout Eurooa for signs of 
‘organie molecules and Me-essential 
‘chemistry, in adtlon 
about As surface features, such as cracks 
2nd fissures. JUICE wil aso measure the 
‘minimal thickness of Europa's cy crust at 
sume active regions thal may be spewing 
{> liquid water from below, 


earning more 
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\ched - the 
3 kilograms 
3999. 


“In the case of human payloads, these 
were delivered via an airlock located 2 2 753 k Hobasdsdiacitoes nay 
at the front of the shuttle” J g (50,16: pounds) on Space Shui 


Je mission STS 


“The density becomes so great that 
further fusion reactions release an 
immense amount of energy” 


piscoverer> 1846 craviry 0.779m/s? DIAMETER 2,/00km 


Temperature SOK VRE? 1989 ess 5.87 days 


How huge stars go supernova 


Key events at the end ofa massive star's life that lead to a cataclysmic explosion 


The backwards moon 


Why is Neptune's biggest satellite, Triton, the only large moon in 


4. Stalling shockwave 


Communicating with space probes 


How do scientists keep in touch with deep-space probes like Pioneer 10 and 11? 


Communicating with something over 
abillion kilometres (7 billion miles) 

n nd requires 
Statior 


the Deep Spi 
dou 


California, Spain and Austral 
Network (DSN) - strategically 


ure there will always be one 
at can pointat any space probe. 
Likewise, space probes -like Pioneer 1oand 


nr Jaunched in the early-Seventies- need 
¢ to send pictures, wes 


ading information as radio wat 


data and 


power 


raints mean that space probes can 


only send very weak signals, which get weaker 


the farther away they travel. Antennas on the 
ound have large dishes to capture the signal, 

yet greater amplification and noise reduction is 

needed to boost the signal toa readable level. 
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The last transmission fr 


Contact with Pioneer 10 


Three key components that allowed secessful 
communication willrEarth over vast dighanees 


Antenna feed 
Radio wave 
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the Solar System to orbit its planet in the opposite direction? 


Moons usually orbit in the same companion and expelling it rom the system, 
direction as their parent planet is leaving Triton caught in Neptune's orbit 


spinning, Triton’s unique orbit Triton is 


Indicates itwas not formedinthe same region it hasan icysurface primarily composed of 
as Neptune. Instead, itis believed that itwas _ frozen nitrogen, water and carbon dioxide. tis 

captured from the Kuiper Belt, an icyringatthe _ theseventh-largest moon in the Solar System, pater 
edges of the Solar System that contains and Is more massive thanall of the smaller 12times: 


thousands of bodies, including Pluto. moons combined, Triton’s surface shows temperat 
nd icy 
pewing gas 


{ about eight kilometres (ive mil 


Foran object to be captured by a planet, it evidence of having been me! 


must lose energy, prever 


volcanoes erupt from the crus 


the gravitational field, This 
itofacol 


Ber 


core of rockand 


thecr 


in; however, 
thought to be u 


ial, ILis possible thatthe 


Tr have originallyhadacompanion, —_heat generated by radioactive decay inthe 
like Pluto's moon Charon. As the pair came rocky core isable to keep the mantle molten, 
close to Neptune, their orbital energieswere _producinga liquid ocean below the moon's 


disrupted, being transferred to Triton’ outer surface, similar to that on Europa. 
On the surface 
If it were possible to visit Triton, Nace 


this is what you might see... Triton orbits he gas 


Nitrogen planet Neptune alana 
atmosphere ‘with 13 other satellites 
Titon’s atmosphere ts 

Cryovolcano composed of ritragen 

Eruptions of nitrogen gas rlemsed 2s the 
frozen surface mes 


Icy crust 
Triton is encased in 


ood carbon dioxide 
much tke Phto. 


asthe surface 


Ireezes and thaws. 
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Could you spend 
etna | @a day on Triton? 


Despite the fact that Triton has a solid, key 
surface, it would presently 
ep onto the moon. Surface gravity is 

aker than Earth's, and the average 
isin the region of 38 degroes Kelvin 


(235 degrees Celsius/-391 degrees Fahrenheit) 


frozen nitrogen, water 


An.eruntion from Triton 
Scan last fora yea, and 
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Neil Armstrong 


Discover how a boy witha fascination for aviation 
went on to be the first man to set foot on the Moon 


“Neil Armstrong earned 
his flight certificate 


by the age of 16 - 
before he had even 
learnt how to drive” 


H +] 
A a a 
wor A en 1949 


A look at the key events 


1955 


in Ohio on 5 August Armstrong is We graduates with 2 


inthis astronaut's life toStephenKoenig called intoserviceduring the degree in Aeronautical 
that took him all the ‘Aemstvong and Korean Wer, and thes over 75. Engineering from 
way to the Moon Viola Louise Engel. combat missions, Purdue University 
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Armstrong's interest in flying began at 
avery early age. His father took him to 
the Cleveland Air Racesat the age of 


two, and he flewina Ford "Tin Goose’ aircraltat 
theage of'six. Asa schoolboy, he made model 
planes, collected books on aviation and even 
took odd jobs in order to fund flying lessons. He 
earned his fight certificate by the age of 16 ~ 
before he had even learnt how to drive. 

His interest in light led him to pursuea 
degree in Aeronautical Engineeringat Purdue 
University, IN. He studied undera scholarship, 
Which stipulated three years of service inthe 
US Navy during his degree, Armstrong was 
called up in1949, and underwent 18 months of 
flight training, and by his 20th birthday he was 
a qualified naval aviator 

From 1951, Armstrong saw action inthe 
Korean War. He flew 78 missions over Korea, 
earning several medals for naval service. He left 
the US Navy after the war and returned to 
university to complete his degree. 

After his graduation ini955, Armstrong, 
became a research test pilot, duringwhich time 


he flew more than 200 dillerent types of 
aircraft. His extensive flight experience saw 
him selected for the ‘Man In Space Soonest’ 
(MISS) programme with the US Air Force 

In 1966 Armstrong served as command pilot 
for the Gemini 8 mission - which was the first 
mission during which two vehicles docked in 


space -and just two years later, he was selected 


1955 . 


1956 


Armstrong Janet Elizabeth Shearon 
begins workas an ‘and Neil Armstrong 


Edwards Air Force Base hhawe three children 


WAM HOW TWORKSDAILY. COM 


‘Armstrong made a 
LL cast of hes footprint 
Tor display at the: 

"= Marshall Space Flight 
Center in 2007 


In their footsteps... 


~ Chris Hadfield 


In March 2013, Chris Hadfield became 
nmander of the 
ISS. Hadfield describes watching the 

PAY) lunar ancing in 1969 as 2 "watershed 


e& J moment” and admired Armstrong for 
« 


the first Canadian ¢ 


is “quiet accomplishment”. There was 
no space programme in Canada when 
Hadfield was a chikd, but Armstrong 
inspired him to pursue his dream. 


Sally Ride 


‘An inspiration herself, Sally Ride was 
the first US woman in space. in the 
early days of space travel, NASA 
recruited mostly military pilots for their 

jons became 
evermore advanced, the need to take 
scientists to space became apparent 
Physicist Ride was recruited and flew 
‘two missions aboard Challenger. 


missions, but as mis 


as the commander for the game-changing 
Apollo m mission heading to the Moon 
Having spenta year learning to pilota 
modified version of the Lunar Module on Ear 
heand two colleagues departed for the Moon 
(0n16 July 1969. The Lunar Module landed on the 
surface of the Moon on 20 July and, atxo.56pm 
EDT, Neil Armstrong became the first man toset 
foot onan extraterrestrial body, uttering the 
famous words, “That’s one small step for man, 
one giant leap for mankind”, Buzz Aldrin 
followed him onto the surface 20 minutes later, 


and the pair then spent over two anda half 
hours conducting experiments and gathering 
samples. They also erected a plaque and 

planted a US flag to commemorate the mission. 


1962 


Ate joining 
the astronaut 
programme he 
‘maves ta Houston, 
‘TX, with his Family 
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1966 


{asthe command 
pilot forthe Gemini 

B mission, Armstrong 
partspat 

Oo two vehicles in space. 


The big idea 

11196, Nel Armstrong was commander ofa 
three-man mission tothe Moon = Anot I 
emeteoats Forme rd Ts ove oral 


‘ot planned until the Lunar Module had 
he thought the chances of a successful 


say i advance was unnecessary 


On re-entering the Lunar Module, Armstrong 
discovered that the ignition switch had been 
broken by their spacesults, and had to restart 
the craft usinga pen to push the circuit breaker 
After splashing down in the Pacific Ocean, the 
crew were quarantined for days to safeguard 
against any infection that might have been 
contracted in space. They then spent 45 days on 
2 tour of the world to celebrate one of mankind's 
areatest-ever achievements, 

Alter the Apollon 
from spaceflight and took a teaching position at 
the University of Cincinnat\, OH. He continued 
to work for NASA as well though, and assisted in 
the investigations following the Apollo ry and 
Challenger disasters. © 


sion, Armstrong retired 


1969 


(0720 July, Nei 


inthe fest docking 
Walk an the Mace, 


‘step for man, one giant leap for mankind”, were 
touched down, In interviews he later stated that 


touchdown were so small that planning what to 


2012 


Nel Armstrong dies 
due to complications 
fallowing heart surgery. 
Armstrang becomes His famy request that 
Thefirst man ta ever people ‘wank at the 
Maan in hs honour, 
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Ankylosaurus 


Aclub-wielding brute ofa creature, this 
tough dino had the power to break bones 


Ankylosaurus was one of the largest 
| Perera 

dinosaurs that lived throughout North 
America between 75 and 65.5 million years ago. 
Famous for both its brutal tall-mounted club 
and its immense bane plate armour, the 
Ankylosaurus wasa defensive titan, capable of 
fending off rivals many times itssize. 

Anikylosaurus's focus on defence was barn 

outof its herbivorous nature, with its entire 
body geared towards the consumption of 
foliage. From its low-slung body, rows of 
leaf-shaped cropping teeth, short front legs, 
wide feet and cavernous stomach, the 
Ankylosaurus was the consummate browser, 


An 


Head Naa 


‘The Ankylasaurus's head 
was square, flat and 
brosdler than it was lone. 
‘The jaws featured curved 
rows of eregulaly edged, 
leat-shaped teeth for 
tearing vegetation. 


Front leg 


Powerful but short legs 
‘supported the Front aff of the 
‘animal. The wide foot area of, 
‘these forelegs granted good 


traction and stability, 
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kylosaurus anatomy 


Get to know the key biology of this tank-like dino 


The dinassue’s head sat at 
the end of avery short and 
stocky neck. This helped 
Support its bulky head and 
‘also acted as 9 bracing 
mechanism when charging 


2.5m 
1.8m 


10m 75-65.5 MYA 
4,000-7,000kg 


1906 


devouring vegetation whole with little 
shredding or chewing, Indeed, studies have 
indicated that the sicull and Jaw ofthe 
Ankylosaurus were structurally tougher than. 


Club members only 


‘The well-known tail dub of the Ankylosaurus. 
‘was one of the most lethal weapons sported by 
any dinosaur. The club was made from several 
large bone plates called osteoderms that were 
fused into the last few vertebrae of the animal's 
{ail Behind these vertebrae several others lined 
with thick, partially ossified tendans completed 
the club's handle, resulting ina structure that, 
when swung, was capable of dealing out alot of 
damage. indeed, a study in 2009 suggested that 
the tal clubs of fully grown ankylosaurs could 
easily crush and break bone with 2 force capable 
of caving in an assailant’s skull. Whether or not 
the animal purposely aimed the cub to cause 
damage remains unclear at this point 


many similar, contemporary dinosaurs. 
Infact, evidence suggests that Ankylosaurus 
~and ankylosaurs in general - were adept 
survivors, But despite their impressive armour, 
weaponry and sustainable diet, they could not 


copewith the Cretaceous-Tertiary extinction 
‘event that wiped outall terrestrial dinosaurs 
approximately 65.5 million yearsago. Onlya 
few lossils of this prehistoric herbivore have 
been excavated to date~most coming trom the 
Hell Creek Formation in Montana, USA. © 


Osteoderm 

Covering much ofthe body 
Ankylosaurus sported a series of 
‘bony plates called osteoderms 


Stomach 


‘The anly part of the dinosaur 
‘that was unarmoured, the 
underbelly hung tow to the 


é 
Body ~ 


within its lowshung body. 
‘This was covered with 
armoured bane plating 
‘and topped vith spines. 


‘ground. Predators would try 
Tati ankylosaurs over to 


cess this weak point, 
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The impressive, almost 
bulletproof armour of the 
‘Ankylosaurus was nat magic but 
rather a series of interlocking 
bbone plates called osteoderms. 
These bone plates, which were 
locked into the skin, were bone 
‘overlaid with a tough layer of 
keratin. The plates were located 
‘over most of the body, but were 
‘not uniform in shape nor size, with 
some resembling fat diamonds ~ 
{as seen on crocediles and 
armadilos today ~ and others 
‘appearing like circular nodules. 
The addition of these plates on 
topof the Ankylosaurus's head, 
‘along with a set of pyramidal 
hhoms ta its rear and a row of 
triangular spikes mounted to each 
‘Side of the tail cub meant that 
attacking this creature ~ even if 
yyou were an apex predator ike the 
Trex - was nat a good idea. 


At key areas Aniolosaurus 
also sported bony spines for 
extra protection or in 

ace of those mounted 10 the 
side of the tal club - greater 
‘offensive capabilites. 


Club 

The characteristic tails 
‘of Ankylosourus was made 
from numerous osteaderms, 
each fused ta the last few 
vertebrae ofthe ta, 


' Ankylosaurus vs human 


‘Amedium-sized tall - also How would this dino have sized up toa person? 


armoured wih bone 

pints “helped balance 

the woth Arkona 

snd provided he power to 

cause meninurn damage 

was ck, 
Rear lég 2.5m 
Eeualy poet ot 
more but longer than F 
the Ankylosaurus's forelegs, * 
the rear lag reached up To j 
Sbout 17S.) athe }i 


How It Works | 075 


“Paper documents were vulnerable 
to moisture, but placed on film they 
became all but impervious to it" 
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B HISTORY 


SWii7, am What is Hime; 


BUT TRUE 


‘CASTLE IN THE SKY 


believed to resemble? 
A Abird © A plane © Superman 


Castle 


YEP owing wortime, jopanes 


Gungia te dence white par wc and the 
bette te dene ofthe nomen 0 
eset snd Using oh ere) Cone ab 
titan hn by he names Shag (We 
Horo ae or Nakao White Ee Cate 


How did microfilm work? 


The small-scale media storage that served as the perfect medium for covert messages 


Microfilm was a physical storage 
media -typically16-millimetre 

(0.6-inch) or 35-millimetre(t.4-inch) 
film - upon which images were reduced in size 
toa fraction of their former selves. This allowed 
documents, photographs and video footage to 
beshrunk, copiedand stored for both secrecy 
and greater longevity. For example, historical 
paper documents were very vulnerable to 
‘moisture, but when imaged and placed on film 
they becameall but impervious to it. 

Often batches of documents were placed on 
one large sheet of microfilm with a readable 
code on top referred to as.a microfiche the 
code enabled the documents to be identified 
immediately. Viewing the stored image was 
achieved with aslide/film-based projection 
system (as pictured) that was similar to the 
overhead projectors we use today. 

While microfilm isstill used in select 
applications, the invention of the computer and 
virtual media has largely left it obsolete, with 
documents, images and films now copied and 
backed up on discs or cloud storage. © 


Modelling wheel ~=---------—— 
‘The potter shapes the i 
ccley material on this 
sienna | 
thigh speed while they 
‘model the abject, 


How pottery 


was made 


The potter's wheel turned the way 
we produce ceramics on its head 


‘The potter’s wheel enabled usto easily create 
round ceramic wares such as pots and gourds. The 
machine worked by supplying the potter witha 
otating circular platform upon which, via hand moulding, 
clay could be shaped as desired, The rotation was provided 
bya large kick wheel, which ance set in motion ~the potter 
‘Twerally kicked it, hence the name-supplied energy toa 
‘smaller modelling wheel, which sat above on a metal shaft. 
‘As the kick wheel was much bigger than the modelling 


= 
a 


Bihieat sate ‘wheel, iLacted asa flywheel, storing rotational energy that 
connected though the Kick wheel Frame could be used to power the modelling plate, which due to its 
cesta oad ‘Thapatar leks is tate Thevonten Fame ane een coe ‘ 
tra metal tart it rotating | hdl oeeides senpert: ‘Thanks to its ease of use, the potter’s wheel remained the 
[staples hy bath ne wheels 27d method of choice for making pottery for many millennia, 
plate to spin at high speed. potter ta workon, eventually evolving to be driven bya motor. ® 
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Inside a Japanese castle 


We find out how Himeji Castle - a17th-century fortification - has stood 
firm despite several centuries of conflict and natural disasters 


Built ona hill 45 metres (150 feet) above 
Himeji Castle has survived 
innumerable feudal battles, sieges, 
earthqualces and even a WWII bombing, While 
today it's famed as Japan's largest castle, 
construction of the original site began in1333 
with the building ofasmall fort. The fort wasn't 
turned intoa castle stronghold until nearly 250 
years later, towards the end ol the civil warera, 
‘The addition of three moatsand dozens of extra 
buildings including three large towers anda 
huge, six-storey main keep, ortenshu-sawthe 
striking white complex become one of the 
greatest Japanese castles ever built. 


Tour of Himeji Castle 


Explore this impressive Japanese castle to 
find out how it stayed safe under attack 


Main keep 
Located ina large 
courtyard the main beep, oF 
tensht the highest tower 
in the complex. Duet ts 
‘ulnerable wooden 
Construction it's covered 
{wih thick freon plaster 


Rock chute 

Many keeps have 
ishrotashi devices, oF 
rock chutes, protruding 
from the walls. Fro here 
the defence ean hurt 
rocks or boing quis 
ee oll onto invaders. 


4 


Loopholes 
Japan's castes featured 
loopholes (lke European 
row slits) of various shapes, 
including circles, squares and 
triangles, through which they 
‘could fie projectiles upon 
évancing enemies. 
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Encireling the main keep is usually 
2 series of three balleys (extra 
areas of defensive ground). The 
main, oF ist, bailey directty 
‘encircles the tenshu, while the 
secand baey surrounds the frst, 
‘and the third surrounds the second 


Asis typical of traditional japanese 
architecture, Himeji Castle isan elevated 
‘wooden structure featuring ornate tilingand 
‘embellishment. As well as ates, wallsand 
‘other protective fixtures, Himeji and many 
other castles were equipped witha number af 
defensive devices to stall advancing foes. 
Before they could even thinkabout breaching 
the defences, the enemy would first have to 
navigate a frustrating maze of steep, snaking 
paths laid out around the castle walls, The 
physically demanding paths that seemed to 
Jead directly to the main keep - but which often 
Jed instead toa dead-end would disorientate 
and tire invaders, And even if they made it 


Hip roof 


walls and then turn up slightly 


Gable 


The two shorter opposing 
sides of the rectangle 
‘lope too, but they also 
featurea decorative 
‘anble ihe triangular bit) 
part ofthe way up, 


interior 
White the imposing facade 
‘of a Japanese castle lke 
‘Hime! may look striking, 
the interiors are far more 
‘modest. Rooms are quite 
dark with ktle decoration. 


beyond the perimeter, the home team would 
then deploy an ingenious bevy of traps 
designed to outwit and injure the incoming 
aggressors, including conduits down which 
they would pour bollingoil or water. 

Japan's best-preserved 17th-century castle, 
Himeji became a UNESCO World Heritage Site in 
1993, which is quite remarkable considering 
what the region has endured, from earthquakes 
toattacks by US B-29 bombers. Of course, since 
the demolishment of the original 1333 fort, the 
castle has been rebuilt and remodelled by 
variousrulersand architects, but what's 
interesting is that neither nature nor conflict 
has ever managed to get the better of Himeji. @ 


Al reconstructed Japanese castles have an 
‘elegant style of root called kumoya, which 
Teatures a hip-and-gable structure. Hime, 
thas a rectangular hip roof, whereby the 
Yonger two sides slope down toward the 


Dobei wall 

The white dobe walls 
‘were constructed by 
spacing pillars about 
15m (51) apart and 
filing in between with 2 
framework of wood and 
bamboo. Mud and clay 
‘wore often mixed with 2 
tough kind of Japanese 
‘grass called wara to 
telnforce the walls. 


Gates 

There are many gates armang 
the maze-tke courtyards ané 
pathways of Hired. but all 
have simiar construction, 
consisting of two columns 
connected by 0 crossbeam. 


Neribei wall 


‘Walls of shattered stone, tle and clay 
brick were martared and cavered 
hard plaster at Hireyi tar quick 
fortification wherever battle was 
imminent. These makeshift, earthen 


walls didnot feature the same 
Tramework af pals 3s dobei walls, 
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“The Mona Lisa is kept in a clear 
container with controlled humidity, 


temperature and light levels" 


= = 
Preserving the Mona Lisa 
What techniques are being used to maintain'the world’s most well-known painting? 
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Why do we 
yawn and is it | 
contagious? 


Francesca 
Nobody is 100 per cent certain why humans 
yawn, but it definitely is contagious: In one 
experiment half of the people yawned while 
watchinga video of others yawning. A common 
theory is that the influx of oxygen from a good 
yawn revives us by getting rid of excess carbon 
dioxide in our blood -although some research 
isnowrefuting this idea. Instead, we may 

yawn simply to stretch our tongueand throat 
‘muscles, as wellas to communicate boredom 
ortiredness to our peers. Onerecent study even | 
suggested that yawning may help to regulate 

brain temperature by exposing the roof of the 


mouth to cooler air~a bit like a heat sink. AC 
er 


Meet the experts... 


Want answers? 


Send your questions to 
@ How tt Works magazine ( @HowitWorksmag 


howitworks@imagine-publishing.co.uk 


Why we yawn isnot yet 
‘completely understood, but 

"could have evolved 10 
stretch facial muscles or 35 
‘a means of communication 


Luis Villazon 
‘Luis has 2 degree 
© in zoology and 

‘anather in realtime 

‘computing. He's 

‘been writing about 
‘sence and technology since 
before the web. His sckence 
fletion novel, Adar OF Wasps, 
published by Anarchy Books. 
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Giles Sparrow 
Giles studied 
Astronomy at UCL 
and Seience 

BY ft Conmrcaton at 

Imperial Coege. 

before embarking on a career in 
‘space writing. His latest book, 
‘ublished by Quercus, s The 
Universe: In 100 Key Discoveries. 


Rik Sargent 
kis an outreach 
afficer at the 
Institute of Physies 
>. in London, where 
4 he works ona 
‘variety of projects aimed at 
‘bringing physics to the public. 
‘is favourite part ofthe ob is 
‘what he cals ‘physics busking 


‘Alexandra 
Cheung 
With deorees rom 
the Unversity of 
Nottingham and 
Imperial Calle, 
Alex has worked at many 2 
brestigous institution mching 
CERN, London's Sclence Museum 
ane the Institute of Physics 


Michael 
Simpson 
Michael has 9 
doctorate in moss 
fe wel os teaching 
awards om the 
Unwersity of Alberta, While rt 
working a a botanist of 
“nwranmental consultant, he 
“erites for magazines ad one. 
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Who invented the 
tea ceremony? 


Lizzie Stokes 

No one person is credited for inventing the 
Japanese tea ceremony but several historical 
groupsare thought to have contributed to its 
development. The ceremony has links with Z 
Buddhism, which was founded in Japan near 
the end of the 12th century. Tea became part of 
Buddhist ritualsand is still associated with 
tranquillity and harmony today. Tea also 
became popular with samurai warriors and 
nobles, who made it the centre of a party game. 
They were considered celebritiesin their day so 
their appreciation of tea might have encouraged 
other people to adopt the drink, along with the 
rituals associated with it. MS 


Can we tame tigers? 
Vivienne Jones 

Notin the way you might tame a dog or break 
ina horse. Dogs and horses have been 
domesticated for millennia and selective 
breeding has gradually favoured the genes that 
make them more friendly. Tigers even raised 
froma cub - retainall their predatory instincts. 
InThailand, tame’ tigers ive ina monastery, 
side by side with the monks and tourists, but it’s 
a precarious balance. Roy Horn ol the 
entertainment double act Siegfried & Roy wa: 
critically injured in 2003 when the tiger he hod 
performed with forsixyears bithim. LV 


nm 
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BRAIN DUMP 


You will spread the he's 
work of atleast 20 bees: 
on 3 single slice of toast 


How much honey 
does a bee make 
in its lifetime? 


Ben 
Less thana gram. Most worker bees only live for around 
six weeks in the summer and they can only go and forage for 

nectar on days when the air temperature is above ten 
degrees Celsius (50 degrees Fahrenheit). A group of about 12 
beesin their lifetime will produce a teaspoon of honey 
between them. Bees use their honey as an energy source for 
the hive. Depending on the weather, a hive might use over 20 
kilograms {44 pounds) of honey over single winter. LV 


How do you know if 
berries are poisonous? 


Ryan Mann 
1 Thore aren't realy any distinctive feature 


és 
pa thorough 


How It Works | 081 


Want answers? 


Send your questions to, 
GQ How It Works magazine © @How!tWorksmag 


howitworks@imagine-publishing.co.uk 


They might be smal, bf pistol ‘a 


certainly knaw how to 


Which is the loudest animal? 


Alex Wells 
It’s the tiger pistol shrimp, The pistol shrimp has 
one supersized claw that can be cocked open. When 


decibels. The sound is used partly for communication, 
but its main purpose ig as.a weapon, The shockwave is, 


‘fired’ the claw snaps shut with such speed that ajet of _ loud enough tostun fish and even shatter glass. 


‘water is fired out at 97 kilometres (60 miles) per hour. 


Because itis very high frequency, the shrimps lick 


‘The low-pressure wake createsa cavitation bubble o! doesn't reach very far. The loudest sound used purely 


steam that explodes outwards and then almost 
instantly collapses again. The collapsing bubbleis 
‘what generates the sound, which can be up to218 


What percentage of 
stars go supernova? 


Traci Watson 
‘We can't be specific, but it's without a 
doubt much less than ne per cent, Stars that 
tend their ives in supernova explasions must 
hhave at least eight times the mass of the Sun, 
a that they blow up into a supergiant star 
and then violently collapse, instead of gently 
shedding their outer layers and fizzling out 
like smaller stars do. The reason we can't be 
sure of a percentage is partly because we 
don't fully understand how such massive 
stars form and develop through their Fives 
(Gometimes in ways that stop them becoming 
supemovas), and partly because we've only a 
vague idea of the quantity of much fainter 
and lawermass stars that massively 
‘outnumber them inthe universe. GS 
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for communication, meanwhile, is made by the blue 
whale, which sends 188-decibel whistles that can be 
heard 800 kilometres (500 miles}away! LV 


Why are raccoons 
invading cities 
more and more? 


James Cooper 

t's the same reason humans move to 
the cities: life there is easier. Raccoons, 
‘are omnivores and scavengers and they 
find it much easier to grab discarded 
food in a dustbin than to catch it in the 
wild. There are also fewer predators in 
the city, Raccoons are mastly nocturnal 
‘and the onty animals that would pose a 
serious threat ~ dogs ~ are generally 
tucked up indoors or chained in the 
‘garden at night. Raccoons are very 
Intelligent, can wriggle into tight spaces 
and have nimble front paws for undoing 
latches and opening containers. Toronto 
‘now has 50 times more raccoons than 
the surrounding countryside, LV 
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What mechanisms suproxt aeroplane 


m Wings can be held 
braces on the fuse 
also supported by thelf 
structure. Component: 
oncealed unde 
and rs. The former run 
parallel to the fuselage and are 
attached at regular intervals along 
he wing. The latter runalongthe 
ofthe wingand connect the 
Support isalso provided by 
e spar, which runs parallel tothe 
ringers. An aircraft's fuel is 
sometimes stored between the 
bs and this too can lend more 
ityto the wings. MS 


Does electricity ever 
weigh anything? 


‘Samuel Mycroft 
The term electricity includes several same charge to 
differentphenomena, but none ofthesehave _repel each other, for 


any welght. To weigh something (that Is, to 
‘experience the Earth’s gravitational pull), an 
‘abject needs mass. An electric current is 
created when charged particles move-eg, 
electrons ina copper wire, Whilethese 
electrons havea tiny amount of mas 
exist in the wire whether or nota current is 


instance) hasno 
weightas {forces don't 
have mass. The only 

electric phenomenc 


electric force {which causes particles with the 


Jason Garside 
The absolute speed limit of the 
universe is thespeed at which 
Jight travels in the vacuum of space 
—299,792 kilometres {186,282 miles} 
persecond, or'c’. Nothing can go 
faster than thisas doingsowould 
enable it to violate the basiclaws of 
cause and effect. Einstein's special 
theory of relativity explains the 
effect this has on the laws of 
physics - egif you had a spaceship 
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yn which 
mightarguably weigh something 
they is the buildup ofa staticcharge, when an object 
gains excess electrons. Inthis case, theextra 
applied, so the wire's mass doesn’t change. The _ electrons would add to the object's mat 
the weight difference would be nominal, AC 


but 


How fast is it possible to go? 


that was powerful enough to travel 
close to ¢, you'd find accelerating 
those last few per cent got harder 
and harder, as the craft got heavier 
and heavier. No objectwith mass 
con ever reach citself—light can 
only travel so fast as itis massless 
That said, light travels more slowly 
when it passes through materials 
suchas waterand glass, hence 
why itbends, or refracts, 6S 


How much 
is in the 
Sarah Blain 

According tothe anes world 
ol survey by Thomson Reuters, 
the total amount of god mined in 
the history of the worlds 171,300 
tons ~ enough to fila cube with 
2Ortemetre (8-foo) ses. But 
pions dle, mainly because 
experts cant agre on haw much 
was mined by ancient civilisations, 
rd hove much ishiddon nthe 
word's bank vaults, Sot might be 
2 ite less ora lot more; he Gold 
Standard institute estimates there 
tray be as muchas 2. millon tons 
Fidden away out theret On top of 
that, the US Geological Survey 
estimates theres about 52,000 
tons to still be profitably mined, 
feet insti lckec does 
‘vin the Ears interior. GS 
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Why do Chinese drag pt 


In theory, yes - it's an effect called "cold welding’ bywhich the 
metallicbonds that hold atoms together in each object effectively 
"bridge the gap’ between them to create a single solid object. In 
practice, this rarely happens on Earth because most metals form a 


protective oxide layer where thelr surface is exposed to the 
atmogphere. light bumps and irregularities in metallic surfacesalso 
prevent this from happening. Even when metals are taken into space, 
the oxide layer remains but, of course, ifyou deliberately polished it 
off then, yes, the two metals would fuse together, and that's 
something satellite and spacecraft designers need to bearin mind. GS 


Why is beeswax 
perfect for 
candles? 


Melissa Davidson 
. ib at room 
mperature but melts easi 
and emitting a swec 
alties make it ideal For 
le-making althoug 
‘or nat itis the best mater 


and burned 
Hered 
these. Nowaday 


wax. Most eandl 


Steps in Rome? 


The Spanish Steps, oF Scalinata della Trinita 
dei Monti, link Piazza di Spagna (Spanish 
‘Square) with the French church Trinita det 
Monti. The Spanish connection comes from the 
presence in the piazza of the Spanish Embassy 
to the Holy See (Vatican City). Construction of 
the stairway began in 1723 and took several 
years to complete. It was designed by an Italian 
architect, Francesco de Sanctis, and funded by 


diplomat, Etienne Gueffier. The pathway 
formed by the stepsbetween the church above 
and the square below was a symbol of improved 
co-operation between France and Spain. They 
‘were originally named after Trinita dei Monti 
but that was later superseded. The Spanish 
Slepsare now one of the most popular-and 
crowded - tourist destinations in Rome. MS 


hth bec so good? 


‘Bacon's mouth-watering smell comes from the 
‘meat's amino acids and sugars reacting to heat, 
Known as the Maillard reaction, the process 
releases hundreds of compounds associated with 
desirable aromas and flavours, resulting in 2 
‘complex assault on our senses. Our brains have 
evolved to recognise these smells as good, 
‘presumably due to the survival advantage that 
heating food had for our ancestors. The Maillard 
‘reaction also happens when you toast bread or 
roast coffee beans, although different compounds 
are given off. Some of the compounds have similar 
characteristics and are often described by food 
Scientists as nutty, smoky and carameblike. RS 


What does ‘OK’ actually stand for? 


Emma P 


OK stands for ‘oll Korrect’, or ‘ole kurreck’, and comes from 


Can orcupines 
float on water? 


Sam Gunn 

Porcupines are buoyant, thanks in part to the 
hollow structure of their quills. These sharp 
spinesare solid at the base and tip but mostly 
hollow in the middle, witha light spongy 
material (the quill medulla} sealed off inside. 
‘This helps porcupines float, but although North 
American, crested and brush-tailed parcupines 
are keen swimmers, notall porcupine species 
are fond of water. Porcupine quillsare even 
sometimes used by fishermenas floats. The 
main function of quills, though, is for defence, 
North American porcupines have up to30,000 
quills each measuring around ten centimetres 
{four inches) long; ifa predator gets too close the 
barbed tipssnag into their skin. AC 


Fact fix on the go a 


The latest iesue of agi 


2, diitalonh 


‘magazine, Brain Dump, i now available from Apple’ 
Newsstand. Overflowing with the snapoiest, most 
authoritative and just downright awesome explanat 


ie questions, the 
eande 
1 amazing reace: 


yet, ar cketload 


ubmitted quenes, Questo 


resemble snakes? 


tr Mythical enakedike dragons 
date back to artefacts discovered 
innorth-east Chinas early as 
000 BCE, but itis not known why 
they resemble snakes. The earliest 
depictions of dragons were called 
pig dragons small jade sculptures 
featuringa pig's head witha coiled 
body. Early versions looked more 
Ikea foetus, with the longer 
serpentine body becoming, 
popular later. In Chinese culture, 
dragonsare synonymouswith 
waterand are said to be the 
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masters of rainfall, waterfalls, 
rivers and seas. This could partly 
explain the serpent-like form, asa 
swimming mechanism similarto 
an eel, or perhaps the wavy 
snake-like shape, was a reason 
dragons became associated with 
‘water. Traditionally, i's not only 
snakes that dragon depicters have 
borrowed from - there are many 
otheranatomical resemblances 
found in Chinese dragons, 
including stag horns, carp 
tiger feet and eagle claws, RS 


es, 
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anabbreviation trend which was popularin Boston, MA, ] 
back in the 1830s. Other popular abbreviations atthe time 

‘were NG, (‘no go’), GT (gone to Texas’) and SP ‘small 

potatoes’). Many of the abbreviations were deliberately spelt ) 
incorrectly for humorous effect; for example, a predecessor 

of OK was supposedly OW (oll wright’). OK gained 

widespread use when supporters of the American 

Democratic political party stated that it stood for the 

nickname of presidential candidate Martin Van Buren, alca 

Old Kinderhook. ‘Vote for OK" became snappy campaign 

slogan that popularised the use of OK acrossthe USA. RS 
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@ Facebook © Twitter 


How It Works magazine @HowitWorksmag _howitworks@imagine-publishing.co.uk 


animals? Why do we sleepwalk? How do Venus fytrans 
work? And why is electricty 

blue? All ofthese are 5 
answered along with many 


mere Soto learn mare about 
Brain Dump ane the ar 
Content on offer in this ane 
every issue, head over to 
the Apple Newsstand, pay 
a visit 

Facebook page at www 
facebook.com/. 
BraindumoMag cr, 
alternatively tae a lock 
Cn its Twitter strearn 
s)brainDumpMag now 


Email 
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Th@Fusion Sport's 
outer layer is made 
from 57 per cent nylon, 
4 per cent Tactel and 

two per cent spandex. 


BI 1260v3s' durable low 
profile and comfort 


The HA-EBTSs come 
with 2 13.5enm (0.5ie) 
neodymium driver unit 


profile information in the Aria 
for mult-runner households. 
EXO Sensifit technology 
aids running posture and 
reduces muscle soreness. 


Measuring BMI 


Fithit Aria Wi-Fi Smart Scale 


‘wwwfitbit.com. 
you're serious about getting in shape 
be prepared for along journey. Weight 
loss and muscle tone dan't just happen 
‘over night. Luckily, the Fitbit Asia Wi-Fi 
Smact Scale make’ this more bearable, 
measuring, storing and tracking up to 
eight users’ body fat percentage. 
‘weight and body mass index (BMD. 
Thes dota can be wirelessly streamed 
via WiFi to 3 PC, where included 
software converts it into a variety of 
‘graphs and charts. All together this is 
an excellent motivational fitness too 
Verdict: 


Sweat proof 


JVC HA-EB75 headphones. 


\wowewnamazon.com, 
Running headphones need two things: a 
Secure fit and water resistance. This s 
because there's nothing more annoying 
than having earphones constantly 
figgling free and falling aut when you're 
{trying to run, of packing up the first 
time it rains or they got sweaty. The 
(great value-formoney IVC HA-EB75s 
deal with these criteria well thanks to 
special ear cips and moisture-resistant 
earbuds, while a neodymium driver unit 
delivers surprisingly decent audio to 
boot, with a good level of bass. 
Verdict: 


N2 cushioning 
$ contributes to the 
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Up to eight users can store their 


Get running 


Must-have kit to get off on the right foot 


With the summer now drawing to a close, what better way to prepare yourself. 
for the onslaught of the cold and overindulgent months than by getting in 
shape with a little running? While putting your body through the ringer fs 
never easy, dedicated technology and clothes are making it more convenient 
and more comfortable than ever before, as we discoverhere, 


Activity tracking 
Fitbit Zip: 


‘ww fitblt.com 
There's a bounty of activity trackers on 
the market today, ranging from £20 
right through to £200 or even mare, 
The Fitbit Zip comes in right at the 
sweet spot for this category af devie 
offering a small and stylish activity 
tracker fora penny shy of £50. Capable 
of recording a runner's steps, distance 
and calories spent, the Zip is versatile, 
‘while its ability to wirelessly syne with 
a computer or smartphone makes 
keeping track of progress more 
straightforward than ever. 


Verdict: 
Dual-layer socks 


1,000 Mile Fusion sport socks 


wowew.1000mile.co.uk. 
Often overlooked when it comes to 
running kit, the average sock is actually 
‘ot well suited to the discipline and, as 
2 result, they can often cause blisters 
‘and red-raw skin. The 1,000 Mile Fusion 
sport socks a0 a long way to rectify this 
predicament, with a two-layer 
‘construction, padded Achi 

support structure and moi 
repellent Tactel inner material keeping 


luaury comes at a premium, 
Verdict: 
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Checklist 
Interactive scales 
Activity tracker 

Running shoes 


Lightweight foam 


New Balance 1260v3 shoes 


www.newbalance.com 
When running, your feet are the most 
active part of your body s0 a good 

(of running shoes is vital. A brand-new 
eenteant to New Balance’s catalogue of 
fitnessocused sport shoes, the 
1260v3s are an excellent example, 
offering superb support and cushioning. 
In addition, the trainers’ Acteva tite 
foam is 24 per cent lighter than other 
foams and provides enhanced 
resistance to compression under 
impact, granting better spring and 
comfort aver long esstances 

Verdict: 


Muscle support 


Salomon EXO S-Lab Zip T-shirt 


| 


\wevew.salomon.com 
The EXO S-Lab Zip tee is not only very 
comfy to wear thanks to its flatlock 
sseamns, but also loaded with smart tech, 
Firstly the EXO has been designed to 
Improve upper body posture, with areas 
of compression and suppart improving 
‘oxygen intake while running. Secondly, 
the inclusion of Salomon's Actilite I 
Stretch Mesh means that any sweat is 
ropelled fairly quickly. Lastly, by using 
different materials, such as polyester 
and spandex, each area of the T-shirt is 
ddesigned for optimum movement. 
Verdict: 


EB weesrre 
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Tablet takedown 


We get hands-on with three of the top tablets on the 
spaiet tosee which one delivers the best results 


Nexus 7 (second gen) 


Price: £199,99/5229 
Get it from: veery:qooale.com/nemis/7 

kay, let's be upfront about this one. The second-gen 
Nexus 7 is an excellant tablet and it's easy tose why 
‘many are insisting it's currently the best in the world. 
1s sick, powerful and withaut doubt definitive proof 
that the I7.8-centimetre (seven-inch) form factor 
works, offering a lightweight sate upon which media, 
‘games and online services all shine. 

‘This is largely due to its impressive technical 
specifications. Packing a Snapdragon $4 Pro Krait 300 
1 SL-gigahertz CPU, Adrena 320 400-megahertz GPU, 
two gigabytes of OORSL RAM and an IPS LCD 
‘capacitive touchscreen with a resolution of 1,920 x 
1,200 pixels (323 pixels per inch), the Nexus takes 
almost every other tablet to the cleaners in terms of 
performance. Indeed, the only other tab that comes 
close is its bigger brother, the Nexus 1. 

This technical prowess transtates into excellent 
Usability, with the Android 4.3 Jelly Bean operating 
system running incredibly smooth and apps tau 
allbut instantaneously. Its low weight of just 290 
‘grams (10.2 ounces), along with its even thinner 
profile compared to last year's model - 8.7 millimetres 
(0.3 inches) thick, make holding it with one hand a 
‘breeze, This realy isthe king of today's tablets, 
Verdict: 


iPad mini 


Price: £269/$329 
Get it from: store.apnle.com. 

We're huge fans of the 17.8-centimetre (severinch)- 
sized tablet and so we are quite happy declaring the 
20-centimetre (79-inch) Pad mini the best that Apple 
hhas ever made. itis thin, super-sleek and simple to 
se, with Apple's walled garden of an ecosystem 
familiar and wellstructured as ever. Haweve, in light 
of some recent releases from Apple's main rival, 
Google, the iPad mini doesn't come out of this 
head-to-head as unscathed as you right expect. 

Technically the mini loses out to the similar Nexus 7 
‘on every front, with its one-gigahertz, dual-core AS 
(CPU, PowerVR GPU, 512-megabyte RAM and 1,024 x 
768 péxel screen all trumped. In fact, the screen may 
bbe the most disappointing aspect of the iPad mini, 
with the modest 163-pixel-perinch fidelity almost 
doubled by the Nexus 7. At least the battery fe is 
‘900d, with a solid ten hours on offer. 

‘As ever though, in terms of operating system and 
applications, this pint-sized iPad punches hard. The 
curated experiences of the App Store and Tunes 
remain superb, while (0S 6 - currently updated to 
6.13 - makes navigating apps, emails, menus and 
‘much more both intuitive and enjoyable, This user 
experience is somewhat checked by the price though, 
with the Wi-Fr-only, 16-gigabyte mode! costing £70 
($100) more than Google's News 7, 

Verdict: 2&9 
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‘The App Store s by far the iPac's bestselling point, 
wath more {hae 375,000 applications sereened and 
tested by the company. Compared with Google Play, 
wich despite improvement of tate is stil a bt hit 
‘and miss, Apple's app renositary i 8 cursted haven, 
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| The Nexus 10 comes with the 

| highest-resolution display 

| currerty avaiable on a tablet: = 
2,560 « 1,600px Super PLS panel 

| The fact that the monstrous 

| resolution is crammed into st 

| 2544 cantimetres (len inches) of 
screen means that everything, 

‘appears incredibly sharp. 


Despite the fact its bia brother, 
the Nexus 10, takes the crown for 
the highest overal resolution 
screen, the Newus 7s pane! 
technically has the highest pi 
density, cramming ina eighty 
323. The human eye can't really 
‘ifferentiate over 300 pels per 
inch, so this ts basically the 
clearest display ever made, 


Nexus 10 


Price: £319/$209 
Get it from: yrww-a0ncle,com/nens/10. 
The lager brother to both the first- and second 
generation Nexus 7s, the Nexus 10 is a powerhouse of 
tablet. Armed with a monstrous 2,560 x 1,500 pixel 
‘screen - that sort of resolution is typically the reserve 
(of 76-centimetre (30-inch) computer monitors, a 
L7-gigahertz, dual-core AIS CPU, two gigabytes of 
DOR3 RAM and a lithium polymer 9,000mAh battery, 
the 25.4-centimetre (ten-inch) Nexus is the most 
‘powerful Android tablet on the market 

With the 10's larger proportions, compared with the 
mini and the Nexus 7, there comes an additional tier of 
direct competitors - most obvious being the Pad 4, 
However, aside from overall build quality ~ which the 
‘Pad 4 wins due to its high level of metal and glass as 
‘opposed to the Nexus's polycarbonate ~ itis much the 
same story as with the Nexus 7 and the iPad mini. The 
10's tech destroys that of the iPad 4 ~and does $0.3 
‘good deal cheaper ~ but Apple's slick OS and app 
Functionality pip that of the Android offering 

‘Whether of not the Nexus 10 oF Nexus 7s the 
better device depends on what type of user you are. 
The size and power of the 10 is immense and if you 
consume large quantities of high-definition media 
then the 1080p sereen and long battery life make It 
ideal. However, if you're a more casual al-ound tablet 
user who needs it for web browsing on the go etc then 
the lighter Nexus 7 series makes more sense. 
Verdict: o 
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Get in touch 


Want to see your ideas on this page? Send them to... 
@ How it Works magazine (©) @HowitWorksmag 


QUICK QUIZ 


Test your well-fed mind with ten questions 


Skills for surviving the madern world 


Hit a hole-in-one 


With this quick guide to golf, you'll soon get into the swing of taking a shot... 


1 Read the environment 
Before picking up a club you 


=z) 
‘need to gauge the shot. Wind, for 
[2S example, can have a major bearing 


‘on where you should aim and your 
intended target's elevation will 
dictate which club you use. For 
instance, ifthe green is uphill 
from your position then you'll 
need to selecta stronger distanced 
club (say, a four-iron rather than a 
six-iron}. Equally if the wind is 
blowing left to right, you will have 
toaim farther left to compensate. 


The right stance 

Start by placing your feet 
shoulder width apartand parallel 
tothe target’s ine the direction to 
the green). While the back foot 
should remain go degrees to the 
target, the front foot should be 
fared out towards it by about 20 
degrees; this will help to rotate 
your body during the foreswing. 
For ball positioning, the stronger 
the club you are using, the farther 
forward the ball needs to sit in the 
gap between your feet. 
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Foreswing 

Keeping your eyes firmly on 
the ball, bring the club down ina 
smooth arc, shifting your body 
towards the target and allowing 
your right shoulder to bring your 
right elbow through at hip height. 
Try to ensure that as much 
rotation as possible occurs inthe 
hips and notin the upper body, as 
this will make hitting the ball ina 
straight line easier. After contact, 
continue to bring the club through 
onitsarcand allow your body to 
naturally rotate intoa balanced 
finishing posture. 


Dlacaimer tise rgrePLaengror ts 
cevpyers can aorptbty or ary roe cts 
expeerecd when cere ut these Bes AME 
tahecar whentarcingptcraty tac, 

fet terarafacusersrnatoe 
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Get agrip 

You won't hit anything with 
‘much success unless you know 
how to holda golf club. There are 
different grips, eg overlapping, 
Interlocking and baseball types. 
Forthe most common grip 
(overlapping) take hold of the shaft 
with your left hand, place the little 
finger of your right hand between 
the middle and forefingers of the 
left, and then close both around 
the club ensuring thatyour 
thumbsare aligned downwards. 


Backswing 

Before hacking at the ball, 
take some time to position the 
clubat the top of your swing, To do 
this, draw your club back slowly, 
brushing the face along the grass 
foras longas possible. Once the 
club leaves the ground maintaina 
smooth are until the club is 
positioned above your head and 
pointing forwards along the target 
path, Do not overextend as this 
will likely lead you to cutacross 
the ball’s face and mishit it. 


In summary. 
Key to hitting a hole-in-one -or 
any half-decent golf shot-is 
remaining in control at all times. 
By breaking any shot down intoa 
series of stages, this canbe 
achieved with greater consistency. 
In general, by positioning yourself 
correctly, swinging the club slowly 
and keeping your eyes on the ball 
untilafteritis struck, anyone can 
become. golf pro in no time. 
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Plaster a hole 
in your wall 


Learn how to fill in the gaps in your walls 
witha three-step plastering walkthrough 


Prepare the wall 
First things first, you must 


thisand it’s ikely that the plaster 
will not bond securely with the 
‘wall. Remove any loose debris in 
oraround the area that needs 
attention and then sand down any 
sharp edges. The first job is best 
tackled witha paintbrush, as this 
enables you to brush away debris 
easily, even ifitis deep in the wall. 
Thesecond task, meanwhile, calls 
for a small piece of sandpaper. 


Fill the gap 
Once the crack or hole is, 
smooth and clear, it's time to fill 
the recess with fresh plaster filler. 
t ‘This is best done by generously 
applying the filler along the tine of 
the crack/hole, ensuring that the 
‘material fills the cavity as deep as 
possible. Don't worry about the 
filler looking particularly neat at 
thisstage, To remove any excess, 
takea trowel and, keeping it 
perpendicular to the wall, scrape 
away in one smooth action. 


\ 


Smooth things over 

The hole/crack should now be 
filled but the finish may look 
‘uneven or dipped - this is normal 
0 don't panic! Using your trowel 
remove any bumps in the plaster 
and apply a second layer, using 
your trowel to smoothly smear the 
filler over the area before once 
more removingany excess. Finally, 
check the second layer forany 
imperfections and, if lush with 
the surrounding wall, leave to dry 
before painting/wallpapering. 


In summary... 

Before plastering ensure the area is properly prepared to help get a 
‘smooth surface that won't crumble off. You can make your life much 
easier by using the right tools—such as paintbrushes, sandpaper anda 
trowel. Be patient too expect there to be at least two applications. 
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prepare the crack or hole; fail to do 


based on this month's content and wina 
model of a Type 45 destroyer from Airfix! 


HMS Daring 


v = 


Model kit [3 5 game 
is 


Answer the questions below and then ent 
online at www.howitworksdaily.com 


1 many pixels perinch How much will the ESA's 
does the screen on the JUICE mission to Jupiter 
second-gen Nexus7 have? ‘cost in US dollars? 


Diewmany miseionsdidthe "77 Howmany times weaker 
Space Shuttles complete isthe gravityon Triton 
before they were retired? compared with Earth? 


BRovehlynowlongwasa_  Whatsize battery doesthe 
fully grown Ankylosaurus Xperia Z Ultra waterproof 
dinosaurin metres? ‘smartphone have? 


‘Onwhat datewasthe Mona ©) How many quillsdoesthe 
Lisa painting stolen from North American porcupine 
the Louvre in Paris? have onaverage? 


G;Whatisthedisplacementof 4 @) Thespanishstepsin 
the British Type 45-class QO iointcomprise how 
destroyerin tons? 


ISSUE 50 ANSWERS 
1, 250mn years 2. New Zealand 3. 98% 4. 1893 5. 40 
6. John Roebling 7. 80km 8, 1858 9. 6,400km 10. 1959, 
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No such thing 
as coincidence? 


| ast received Issue 49 f your 
‘magazine in the mall and | am amazed, At 
hool we are studying megacities. And 
ja and behold, you have an article about 
megacities in your magazine, i 
‘we are looking at mould. You h 
article about mould in your 
the hada: we vie 
[in Queensland, Austral, You had an 
article in the How To... section about 
surfing. In the holidays wealzo went to 
Dreamwerld [theme park in Queensland 
There was a ride that my 636 sad 


iP. [now know what centrifugal 
force's. Keep up the great work! 


Maggie 
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Get in touch 


Want to see your letters on this page? Send them to... 
@ How tt Works magazine ©) @HowitWorksmag 


howitworks@imagine-publishing.co.uk 


HMS Ambush, an Astute: 
class submarine, is currently 
(aking part in sea tiaks 


A Noble cause 


Dear HIW, 
ame rescoect for Richard Noll ard the 
pushing the beardaries 


engineering terns 


vBarrew in Furness at the shipyard owned an 
bby BAE Systems we have designed andare building the 
mast complicated machines wn the world: Astute: 
ated by our US: 
-ezulted & machines 
‘comsiteated than NASA's Space Shuttle Surely fren 
le oF the huge enexneering sll 


soma 
rat the engineer Feat 


‘cannot be a better exa 


‘You honestly wouldn't believe the 
‘number of letters we get like this, 
‘Maggie. It’s genuinely bizarre how 
often such coincidences happen. 
‘Maybe we're just tuned in to what 
‘our readers want to know... 


Three cheers 
for musketeers! 


My entie family envoys reading your 
magazine and it has been a particule 

pleasure to watch my son ~ now I~ dive 
for ts it anes on the mat each rent. 
this month's ection [49] there’sa pece o 


musketee’s. Inthe Sword’ annotation on 
the diagram it says that mus 
trained to fight both on horse 


he 
dragoons and on foot tke kvantey’ Fel 
would ke to point cut that dragoons rode 


enginesring However, 


ke fexsting in this county than these magnificent v 


‘Russ Rushton 


‘There's no denying a great many significant feats of 
‘engineering excellence were born from the minds and 
hands of Britons ~ and we've no doubst Richard Noble 
‘appreciates this too, Many of the letters we receive each 
‘month are from youngsters keen to share their 
ascinattion and thoughts on the subject of engineering 
‘<0 long may people like Noble inspire new generations. 
‘We enjoy hearing of the UX’ pride in its achievements 
‘and so we'd like to award you Letter of the Month. 


to battle and then fought asinfantrymen. 
Meanwile, nght or wrong (Wikipedia 


gests the term's meaning changed jet the HIW 


over tim), woud snot et thank 
How it Works fr engaging his nierest ment 


tosuch a degree. ying that lam a 


Jamie Hussey 


‘Thanks for your letter, Jamie (and | was wondering f you could doa sal 
Felix) and youare both absolutely feature far me? |am adibetic and every 
right. Initially, dragoons would ride day |havefotest my blood or 

Into battle and dismount before they occasions. You prick your finger with the 
started fighting. However, they did lance then put the drop of blood onto the 
‘eventually adopt cavalry tactics and test strip. You then insert the test stip 
were able to fight from horseback as into.9 sya ood mete that aves a 
well, so the definition of dragoon did alost instant readout evealing your 
‘evolve over the years. We're glad that blood glucose levels 


‘your family enjoys the magazine, and How do these strins werk? How does 
We are all super-impressed by Fellx's the blood reader analyse the sal sample 
keen eye for detail! ‘flood so quickly? Thank you for the 
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“T con occasionally surprise my 
pe grandchildren with little 
its of technical knowledge” 


reat learning tect that your magazine has 


become forme. it certaity heens the ole 
grey matter werking 
Joe 


We've had a few queries about this. 
You'll read it here next issue, Joo. 


Eagle-eyed 
reader 


since | took the Eagle comic 
in the early Suties, However, than 


week. in 


yourmagazine | ean occasionally surprise 
‘one or all of my five grancchilerer wit 
tle bits cf techrical knowleage | manage 
to glean from your pages. Infact, 

‘and Adam are both 1 anc have started to 
exhibit some of the arrogance of youth #0 
can = throw them a question 
ey can't blu their way through. Keep 
up the good wor 

PT Proud 


‘Thanks for your email, Publications 
like the Eagle inspired us so it's great 
to hear that reading this is evocative 


MAMA MOWIETWORKSOATLY.COM. 


‘of those rich books. It always makes 
lus proud to hear about the various 
benefits our readers get from reading 
and sharing the information we 
Provide, so thanks. 


A handy article 


to.cover.| really enjoy and 


ite 20 informative, This past Mothe 
horrible accicent to my lft 
a leng surgery ta repair 


wool my fingers and the sige of the 
“anc which hopefully willbe normal agai 
within a year. My question i, was an 
cof How it Works ever published with an 
article looking atthe hanes? Io | would 
Ike to obtaira copy 


Charlene Palmer 


We're sorry to hear about your hand, 
Charlene, and hope you're recovering 
well. We did a two-page feature on 
the anatomy of the hand back in issue 
14, which unfortunately is out of 
‘stock at our eShap. However you can 
‘till download the digital edition toa 
‘smartphone or tablet - just head to 
woww.areatdigitalmags.com. 


What's ppppening on... 


Twitter? 


We love to hear from How It 
Works’ dedi 


‘a HowltWorksmag 
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terrestrial: . 
and celestial 
viewing 
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WHAT ARE YOU 
MADE OF? 


Take a look at the composition of the human body 
and discover what all the trillions of cells inside us do 


(098 | How It Works 


Whi do racing cars 
‘dri it’ around corners? 


How do algae produce 
so much oxygen? 


Whatare dental 
fillings made of? 


toamazing space 
mysteries explained 


How do we classify all 
the world’s animals? 


LEARN 
ABOUT 


ELECTRIC MOTORS 
™ BLOCKED NOSES 
@ MICHAEL FARADAY 
PYGMY MONKEYS 
1 CUPOLA CAPSULE 

PILLOW LAVA 

FUEL TANKERS 

SOLAR POWER 


@ SEVILLE CATHEDRAL = 


WM HOW TWORKSDAILY. COM. 


THE 
GREAT 
CoursEs" 


% 
2, 
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of Mental Math 


Discover the 


Secrets of Mental Math 


One key to expanding your maths potential—whether you're a 
corporate executive or a high-school student—lies in the power to 
perform mental calcula basic maths problems 

in your head offers lifdong benefits induding a competitive edge at 
work, a more active and sharper mind, and improved performance on 
standardised tests. 


In the 12 rewarding lectures of The Secrets of Mental Math, discover 
all the essential skills, tips, and tricks for improving and enhancing 
your ability to solve a range of basic math problems right in your 
head. Professor Arthur T. Benjamin, winner of numerous awards from 
the Mathematical Association of America, has designed this engaging 
course to be accessible to anyone looking to tap into his or her hidden 
mental calculating skills. 


Offer expires 04/11/13 
0800 298 9796 


WWW.THEGREATCOURSES.CO.UK/6HIW 


The Secrets of 
Mental Math 


Taught by Professor Arthur T. Benjamin 


HARVEY MUDD COLL 


F 


LECTURE TITLES 


Maths in Your Head! 
. Mental Addition and Subtraction 
. Go Forth and Multiply 
. Divide and Conquer 
. The Art of Guesstimation 
. Mental Maths and Paper 
Intermediate Multiplication 
The Speed of Vedic Division 
. Memorising Numbers 
10. Calendar Calculating 
11. Advanced Multiplication 
12, Masters of Mental Maths 


WONANAWNH 


The Secrets of Mental Math 


Course no. 1406 | 12 lectures (30 minutes 


SAVE £18 


DVD £2999 NOW £11.99 


Priority Code: 86203 


and for lifelong learning, 


a highly poy 
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ly engaging 
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It’s not th 
It’s the 


destination. 
journey. 


Your journey starts here. 

TS2014 delivers everything you love about trains with 
the exhilaration of speed, stunning graphics, a variety 

of trains, real-world routes and challenging assignments. 
Whether you love driving trains, creating new routes 
or just watching the landscape drive by, your journey 
starts with TS2014. 


#WeAreRailFans — www.train-simulator.com 
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